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• # Wireless 

Any  PIC  Project 

# Add  Text  Over  Video 
the  Easy  Way 

Relay  Board 

% Construct  a Pulse 
Generator 


Executing  65,000  lines  of  Basic  code  per  second  the 
is  the  KING  of  Basic  programmable  microcontrollers 


UARTs. 


Siteplayer  is  a true  stand-al 


Super  easy  to  use. 

Standard  RJ-45  network  interface. 

Control  or  monitor  anything  over  the  web. 


High  quality  serial  2x16  LCD  with  backlight 


Easy  to  use. 

2400  & 9600  Baud  support 

Software  controllable  backlight  and  contrast. 


fletlDedia 


leader  Service  Card. 


USB  - IDE  Adaptor! 

♦ USB  2.0  to  IDE  Drive  Adapter  cable,  2.5' I 

♦ Bridge  between  USB  port  and  one  ATA- 1 
or  ATAPI-based  mass  storage  device. 

♦ Makes  any  IDE  device  an  external  drlve!| 

♦ External  power  adapter  for  IDE  devices 

♦ Transfer  rate  Approx.  480  MBps 

♦ New, 90-day  warr.  - Includes  driver  CD 

I HSC#80767  $24.50!  I 


DVI  Cable  Deal! 

I ♦ DVI-I  Digital  & Analog,  Single-link 
I cable 

♦ Male-to-Male 

♦ Black,  8 ft.  long 

♦ Super  price! 

♦ New  In  bag 

♦ HSC  00-day  warr. 

|lHSC#20346  $9.95 


Outstanding  Outlets , 
Fantastic  Fans! 

♦ Outlet  strips  for  your  bench  or  19”raeks! 

♦ Trlppllte  PS4816-NS  has  16 outlets 

♦ 48”  long,  circuit- breaker  protected 

♦ Rated  ISA,  6 foot  cord,  regular  AC  plug 

♦ New  In  box.  HSC  00-day  warranty 

HSC#20485  $35.00 

♦ Brooks  Power  Systems  APS  48-10-85 

♦ 48”  long,  circuit- breaker  protected 

♦ Rated  20A,  S duplex  outlets,  6 foot  cord 

♦ Special  AC  Plug  has  one  horizontal  black 

♦ New  In  box,  HSC  00-day  warranty 

| HSC#20486  $35.00 

♦ New  10"  rack-mountable  dual  fan  ass'y 

♦ Two 6"  fans,  120  VAC,  with  grille 

♦ See  all  the  above  on  our  website! 

HSC#20484 


$39.50 


Wireless  Video  System! 

♦ Tiny  3/4  In.  color  camera  w/transmltter! 

♦ Receiver  Is  tuneable  for  best  signal 

♦ 0VDC  batt.  conn,  for  portable  camera 

♦ AC  power  packs  for  both  units! 

♦ RCA  plugs  for  A/V  out, 

♦ 'F'  conn  for  whip. 

♦ New,90-day  warranty 

HSC#80748  $59.95 


Parallel  Port 
External  Hard  Drive 

♦ H45’  "Quick  Drive" 

♦ For  3.5"  IDE  drive  type 

♦ Special  shock  mount 

♦ For  DOS  & W95+ 


HSC#  19976 


$19.95 


Hobbyist  Alert  - Fans  on  the  Web! 

Here  Is  a sample  of  the  way  our  website  Is  growing... have  a look  at  Just  some  of  the 
fans  we  offer!  More  are  available  than  can  be  listed  here!  From  time  to  time,  we  will 
show  you  some  of  our  vast  Inventory  here  in  this  ad,  but  tf  you  want  to  see  more,  go  to 
WWW  HALTED .COful  for  the  full  story. ..we  are  uploading  all  the  time! 


Compac  tPCI® 
Enclosure  Package! 

♦ CG  Mupac's  '535  Series' 

♦ 19"  rackmntable9U  cablnc 

♦ 3-350W  hot-swappable 
f ront-pu  1 1 power  su  ppl  les 

♦ 21-slot  6U  x 160mm  front  & 6U  x 80mm 

rear  IEEE1101 .10/1101 .11  Compliant 
CompactPC!  subracks 

♦ Hot- pluggable  fan  tray  w/2  141  CFM 
top-mntd  blowers,  bottom  blowers  also 

♦ Two front-pull  drawers  for  SCA-type 

SCSI  harddisk  drives 

♦ Bonus!  'Force' JlX86”  plug-in 
i nc  I u ded  ai  no  extra  ch  arge ! ! 
Complete  lX86'  computer,  233 
MHz,  w/VGA,  PIO,  SIO,  USB, 
lOBaseT  and  floppy  disk  drive!! 

♦ Unused  - removed  from  Installation 

HSC#20249  $295.00 


HSC  Exclusive  - Pixie2! 

♦ Tiny  QRP  Xcvr  rig!  200-300  mW out 

♦ Kit  Incl.  all  board- moun  ted  parts 

♦ Use  'Walkman'  phones 

♦ QRP  crystal  pack  special! 

Fin  ally!!. ..80,  40,  30,  20, 17, 15  & 

10  meter  calling  freqs.  in  one  bag! 

HSC#crystalpak  $14.95 
HSC#Pixie2  $9.95 
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I 1 10-1 20 VAC  .1  5A  18W  7-BLADE  METAL 
I 1 1 0-1  2 QVAC  12W  MAX  80X38MM  5-BLADE 
I 11  01  20 VAC  1S/13W  93X25MM  5-BLADE 
I 115VAC  1 20X38MM  5-BLADE 
I 1 1 5 VAC  15/13W  1 PHASE  4-1/2  5-BLADE 
I 1 1 5 VAC  1 8/1  7 A 1 1 8X38MM  5-BLADE 
I 2 08/ 2 40 VAC  60/55MA  10/9W  1 20X40MM 
I 220VAC  11W  3-1.8"  OPEN  FRAME 
I 220VAC  11W  60HZ  5-BLADE  OPEN  FRAME 
I 2 30 VAC  19W  1 20X38MM 
I 230VAC  120MM  3-BLADE 

I 240V/208VAC  1 2W  60HZ  80X40MM  5-BLADE 
I 5VDC  .6 W 40X40X1  0MM  5-BLADE 
I 5VDC  . 1 4 A 35X7MM  LAPTOP  COOLR  7-BLADI 
I 5VDC  .27A  60X60X25MM  7-BLADE  BALLBRG 
I 5VDC  . 2A  30X1  2MM  7-BLADE  BRUSHLESS 
I 5VDC  50MM  BRUSHLESS 
I 1 2VDC  .06 A 45X1  0MM  9-BLADE 
I 12VDC  .06A  80X25MM  7-BLADE  MINI  TOWER 
I 1 2VDC  <07 A LOW  PROFILE 
I 12VDC  .09A  60X15MM  9-BLADE  BRUSHLESS 
I 1 2VDC  .1 1 A 60X25MM  7-BLADE  BRUSHLESS 
I 1 2VDC  .1  5A  92X25MM  7-BLADE  BALL  BRG. 

I 12VDC  ,.16A  92X25MM  7-BLADE 
I 12VDC  .1 7A  60X1  3MM 
I 12VDC  .20 A W/PC  PWR  CABLE 
I 12VDC  <26 A 60X25MM  7-BLADE  BRUSHLESS 
I 12VDC  .5A  1 20X38MM  METAL  5-BLADE 
I 12VDC  . 85A  BLOWER  BRUSHLESS 
I 12VDC0.15A  50MM  BRUSHLESS 
I 1 2VDC  0.1  7A  60MM  BRUSHLESS 
I 1 2VDC  1 <3A  1 6W  1 25X38MM 
I 12VDC  1 20X38MM  3-BLADE 
I 12VDC  5.1  W 1 20X38MM  5-BLADE  PLASTIC 
I 12VDC  580MA  120X25MM  7-BLADE 
I 12VDC  70 MA  40X20MM  7-BLADE 
I 12VDC  ASSORTED  PENTIUM  CPU  COOLER 
I 24V DC  <1 4A  90X25MM  7-BLADE  METAL 
I 24V DC  1.7  AMP  6-3/4”  5-BLADE 
I 24V DC  .. 08A  40X1  5MM  7-BLADE 
I 24V DC  <3A  92X25MM  7-BLADE  BALL  BRG. 

I 24V  DC  0<1 1 A PAN  A FLO  BRUSHLESS 
I 24V DC  1 20X39MM  W/GRILL 
I 48V DC  <45 A 170X50MM  5-BLADE 
I 48VDC  <7 5 A 120X38MM  9-BLADE  190CFM 
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IDE  Case  for  USB! 

* Supports 2.54 nch  IDEdrlvesuptol4mm 
+ Up  to  480  Mbps  data  trans-fer  rate,  no 

max.  Hard  Drive  RPM 

* Hot-Swappable  PI  ugand 
Play 

+ Compiles  with  ATA/ 

ATAPIH6  Standards 
+ Software,  USB  Cable, 

User's  guide  Included 

HSC#80772  $15.95 


□at  Matrix  Display 
#10420  Sfi.00 


Special  Bargains!! 


System  Accessories 

♦ Force  CPC 1-680  CPU , 450MHz,  1 28MB  | 

♦ Fast/Wlde  SCSI , Linux  compatible 

♦ Universal  Mode  PCI-PCI  Bridge 

HSC#  20426  $195.00  | 

♦ Extra  plug  In  850 W switching  power 
su  pply,  ind  - C PCI-85 OO-P-38 

| HSC#  20250  $125.00 


Ultrasonic  Range  Sensor 

I ♦Similar  to  SonaSwItch  'Mlnl-S' 

♦ Mounts  In  1.575"  hole!! 

♦ Fixed  range:  5-7  feet. 

♦ Rep.  sense  rate:  10  Hz 

♦ See  http://www.halted.com  for  tech  Info 

♦ HSC  90-day  warranty 

I HSC#  19833  $9.95| 


Neon  Light  tar  PC, 
Sou  rid  Activated ! 
#20441  SO. 95 


VidflOWAVE  Editar 
#1 0656  S9.95! 


Laptop  Floppy  □ r ivd 
HSC#20180  SI  4.95 


33.6k  Socket  Modem 
HSC#2Q21 7 S4.95! 


Card  less  LAN  Card 
#10737  S6.00! 


12VDC  Adapt..  3.4 A 
HSC#10312  S0.05 


Wearable 
Mini- Phone! 
#20244  S0.05 


2 X 24  Char  LCD 
#20356 


Card  less  USB  Adap 
#10730  S6.Q0! 


BOW  Power  Supply 
#18415  S5.QQ 


1 5t)W  Power  Supply 
#19266  50.00 


m 


'Mylex1  RAID  Card 
New  Price! 
#19427  115.00! 


2- Button  Serial 
Microsoft  Mouse 
#18731  53.05 


LCD  Dot  Matrix  Display 
2x40 Char.  Sharp 
#20208  59.50  200W  Power  Supply 

#19267  510.00 

of  these  items  on  our  website! 


Electronic 
MM  w Supply 


3 Retail/Wholesale  Locations: 

Main  Olfice  - Mail  Orders... 

3500  Ryder  St.  Santa  Clara,  CA  95051 
Santa  Clara  1-408-732-1573 

Sacramento  1-916-338-2545 

Rohnert  Park  1-707-585-7344 


9 Since  1963!... 

Silicon  Valley’s  Electronic  Marketplace 

ffg™  Order  Toll-Free:  1-800-4-HALTED{442-5833) 

or„.ONLINE,  AT:  www.haited.com 


Look  for  ns  on... 


seller  ID: 

hscelectronicsuppty 


Terms:  Some  quantities  limited;  all  Items  are  subject  to  prior  sale.  Minimum  order: 
SI 0.00  plus  shipping.  Orders  under  £30.00  subject  to  $3.00  handling  fee,  in  addition 
to  shipping.  All  orders  shipped  by  UPS  Surface  unless  otherwise  specified.  $6.00  UPS 
charge  added  for  COD.  Visit  our  website  for  detailed  Information  on  domestic  and 
International  shipping  methods. 
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| PROJECTS  and  FEATURES 

| COLUMNS  | 

38  MEASURING  THE  SPEED  OF 
LIGHT 

Clocking  the  Cosmos  for  Less  Than 

$20.00 

by  Gerard  Fonte 

46  BUILDING  A PULSE 
GENERATOR 

Design, Troubleshoot,  and  Calibrate 
Electronic  Circuits 

by  Robert  Reed 

50  UNIVERSAL  RELAY  BOARD 

The  Applications  are  Limitless 

by  Michael  Jeffery 


62  PIC  Video 

Part  I : Video  Test  Overlay  with 
a PIC  Microprocessor 

by  Robert  Lang 

69  SCROUNGING  FOR 
PARTS 

Safety,  Rarity,  Quality, Wick, 
Diversity,  and  Storage 

by  Dome/  Bartfett 

72  THE  SOLAR 
ALTERNATIVE 

Using  Solar  Cells  on  Small 
Projects  is  a Bright  Idea. 

by  Ralph  Lorenz 


8 OPEN  COMMUNICATION 

The  Magic  of  Antennas 

16  TECHKNOWLEDGEY  2005 

Events,  Advances,  and  News  from  the 
Electronics  World 


20  PERSONAL  ROBOTICS 

LEGO  My ... 

24  Q&A 

Extending  relay  contact  life,  a 20-watt 
stereo  amp,  model  RR  props,  and  a 
geography  brain  teaser 

30  DESIGN  CYCLE 

A PIC-based  Wi-Fi  Development 
Platform 


78  STAMP  APPLICATIONS 

No-contact  Access  Control  Explained 

84  IN  THE  TRENCHES 

Project  Engineering  Tasks 


DEPARTMENTS 


6 Reader  Feedback 
Electro-Net 
56  NV  Bookstore 
New  Products 
Electronics  Showcase 
90  Classifieds 

92  News  Bytes 

93  Tech  Forum 

97  Advertiser’s  Index 
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* Aid  Test  Over  Video  4 j 

the  Easy  Way 
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* Construct  a Puiee 
Genaratar 
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a special 
N&V 
discount! 


VERSION 


PCB123  Provides  the 
Complete  Circuit  Board  Solution, 
Design  Through  Order 

Order  up  to  100-pcs  with  Quick  Turn  Around 

New  libraries  contain  over  a 1000  common 
devices  {PIC  MCU,  AVR,  Flash,  OTP,  EPROM 
and  much  more) 

DigiKey,  Jameco  & Mouser  part  numbers 

Templates  for  PC104,  PC104+,  Rabbit,  PCI  & 
more 


Hn.A 

Dti 


13626  S Freeman  Rd.  Mulino,  OR  97042  USA 
3 ) Phone:  (800)  228-8198  x236  / Fax:  (503)  829-6657 


DOWNLOAD  THE  NEW  VERSION 


ro*vpi rificurf^ 

Successfully  selling  online  since  1997. 
Experience  you  can  trust!  Try  us  out  today  at 

www.PCBexpress.com/nv 
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Reader  Feedback 


No  Schematic 

As  a long-time  ham  (with  more  of 
an  inclination  to  the  hardware  than 
the  operating)  with  a taste  for  GRP,  I 
was  delighted  by  the  article  in  the 
December  2004  Nut  & Volts  on  the 
Ramsey  direct-conversion  receiver. 
Then  I looked  forward  to  the  February 
issue  with  the  follow-up  article  on  the 
Ramsey  GRP  transmitter. 

What  a disappointment.  It  was 
nothing  but  an  anecdotal  description 
of  the  building  process.  Above  all,  no 
schematic.  That  was  nothing  but  an 
article-length  advertisement. 

Bob  Klahn 
Via  Internet 

Sorry  about  the  omission.  Visit 

http://  ramseykits.com/qrp  for  the 

schematic. 

Better  Way  to 
Euphoria 

Just  read  Mike  Kees  ling's 
February  article  on  trying  to 
communicate  with  the  com  ports 
through  Basic*  I think  Euphoria  is  a 
better  way. 

Euphoria  is  a very  powerful, 
simple,  easy  to  learn,  FREE  (unless 
you  want  bells  and  whistles)  language 


that  has  a lot  of  what  Mike  is  looking 
for.  Maybe  the  graphics  are  not  as 
strong  as  he  might  like,  but  the  ease 
of  programming ? the  power,  the 
ability  to  communicate  with  ports, 
and  a pretty  hefty  user  forum  that 
usually  has  the  answers  should  be 
useful.  Euphoria  is  for  DOS,  any 
flavor  of  Windows,  Linux,  FreeBSD, 
and  even  has  been  ported  to  some 
embedded  platforms,  (www, rapid 
euphoria.com/) 

There  might  be  some  people 
playing  with  BASIC  Stamps  who  use 
the  language. 

It’s  worth  having  Mike  check  it 

out, 

Jon 

Via  Internet 

Compilers  Compiled 

On  Page  6 of  the  March  2005 
issue  of  Nuts  & Volts,  Brian  Schmaltz 
pointed  out  the  omission  of  Liberty 
Basic  in  a previous  issue  (February 
2005)*  For  an  even  more  extensive 
coverage  of  the  Basic  language  go  to 
http://basic.mindteq.com/  where 
you  will  find  the  description  of  63 
Basic  compilers  and,  if  available,  links 
to  the  respective  download  sites* 

Duco  W.  Weytze 
Via  Internet 
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HEAVY  DUTY , HIGH  TORQUE, 

METAL  CONTRUCTIGN. 

These  a re  bra  nd  new.  very  ru  gged, 
right  angle  drive,  gearmotors 
original ty1  intended  for  an  automotive 
application.  They  are  very  substantial, 
weighing  over  2 pounds  each!  They  offer  a 0.9" 
diameter  x 0.3 "H,  9 tooth  steel  gear  drive,  located 
centered  between  three  0.28"  diameter  cast 
aluminum  "spider"  mounting  points.  Each  offset  120° 
and  on  a diameter  of  2.5".  Overall  size:  37"Wx7.25"L 
x 2 " H [inclu  d ing  the  gea  r)  with  std . autom  oti  ve  style  2 
pin  connector.  Motor  will  operate  with  good  torque  with  as 
little  as  3 VCC , Hand  twisti ng  torque  at  1 2 VCC . C urrent  is  8 50 m A 
no  load,  with  an  RPM  of  70/minute.  Reversible. 
WINMTR248 $20ea.  4 for  $69 

SONY  EX-  VIEW  CCD  for  the  best  "ASTRONOMICAL  " 
PERFORMANCE  available  in  an  affordable  camera! 
With  600  Lines  Resolution.  NEW!  0.00005  Lux, 

The  most  sensitive,  uncooled,  1/2"  CCD  camera  available. 

Black  and  white,  state  of  the  Art 
Video.  OurGMV-EX-6K,  Takes  the 
^ Prize.  For  covert,  military  Si  scientific 
applications,  this  is  it.  Unbelievable 
).0GQ05Lux@fQ.8  performance  is 
f enh  an  ced  th  rough  low  speed 
electronic  shuttering,  digital  frame 
integration  and  advanced  DSP.  Auto  sensitivity  mode  starts  as  it  becomes  dark. 
24  hour  surveillance  is  possible  with  the  optional  fl.2  auto  iris  lens  shown 
below.  Seven  Gain/Shutter  modes  are  user  selectable.  Normal,  X4.  X8.  XI 6, 
X24,  X32,  X64X128.  Frame  rates  of  60, 15r  Br4r  3P  2,1  and  0.5  per  second. 
Auto/off  BLC,  S/N  >52dB,  Mirror  on/off,  Gain  on/ 
off.  auto  electronic  shutter  1/60 to  1/120.000  sec.. 

Alum,  housing,  dual  1/4x20  mtg.  Specs:  1/2"  CCD, 

76BIH)  X 494CVL  with  38 OK  pixels,  12VDC 
±lV@200mA  S- VI DEO  on  4pin  DIN  connector. 

Std.  video  out  on  BNC.  Size:  51mm  x 51mm 
xllSmm  long.  Regulated  power  supply  inch  All 
functions  externally  controlled.  C-mount  lens  not 
i nc  luded.  Vfe  ha  ve  the  best  price  a vail  a ble  for  m 
the  12 VIE -EX  CAMERA.  VERY  LIMITED  QUANTITY 
AVAILABLE.  DON'T  BE  FOOLED  by  1/3".  NON  - EXVIEW,  LCOKALIKES! 
GMV-EX6K...$449  Super,  6mmr  fl.2  Manual  Iris  Lens.. .$69 

TWO  LITTLE  GEMS,  MINI  and  MICRO , REVERSIBLE,  HIGH 
TORQUE,  DC  GEARMOTORS.  End  effector  or  beam  robot. 

These  p recisio  n motors  were  removed  from  new 
i optical  assemblies.  They  were  i ntended 
to  provid  e focu  s an  d a pertu  re  . . 

co  ntrol  f o r a large  zoom  lens.  I E 
The  mini  model  (shown  left)  ” 
s " is  from  SAYAMA  # 430  603  00 , 
size  is  0.7B"Diam.  X 2.5'L  with  a 
1.6"W  mounting  flange.  Shaft  is  0.155" 

Diam.  The  micro  model  (shown  right) 
is  from  NAMIKI,  PN  ID.  size  is  o.47" 

Diam  X 1.875'L  with  a 0.078"D  shaft. 

A nice  torque  limiting  drive  gear  is 
attached  to  each  motor.  (Can  be 
easily  removed)  Motor  specs  are 
shown  in  tables  below. 

SAYAMA  MINI $1  Sect. 

SPECIAL 3 for...$49 

NAMIKI  MICRO. ..$2Qea. 

SPECIAL 2 for.. .$35 


V |in)  1 (nil  Out  RPM 

3 

32mA 

6 

5 

34mA 

11 

7 

34mA 

16 

9 

35  mA 

24 

12 

35  mA 

33 

GEAR  RATIOS 
MINI  MICRO 

300:1  150:1 


V |in)  1 (nil  Out  RPM, 

3 

4.0mA 

22 

5 

4.4mA. 

36 

7 

5.0mA 

60 

9 

5.3mA. 

78 

12 

6.0  mA 

104 
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DON'T  REINVENT  THE  WHEEL,  ITsf 
BEEN  DONE.....  NEW,  BALL  BEARING 
MODEL  Is  JUST  WHT  YOU  NEED! 

Niice,  6"  OD  X 1"W,  SKYWAY  wheel.  No  mar  gray, 
solid  rubber  tire  on  a glass  filled,  six  spoke  plastic 
rim.  Metal,  ball  bearing  hub  with  0.31"  ID  shaft 
through  hole.  Ltd.qty.  SKYWHEEL...$12/BfclR 


PHOTOMULTIPLIER  TUBE,  HAMMAMATSU  TYPE  R1 512-04,  IT's  RIG! 

Spectral  Resp.  nm  300-600 

Socket  E67S-14 

Dynode  Structure  VE 

No.  of  Stages  10 

Luminous  sensitivity  typical  95  uA/lm 

Blue  Sensitivity  ICS5-58I  11  Typ. 

Q.E.at  Peat  Typical  21% 

Anode  to  C athod  e Voltag  e 1500 v 

Gain  Typ.  1.1x10- 

Luminous  Typ.  lOOA/lm 

Dark  Current  Typical  2QnA 

Dark  Current  Maxi  mum  IQOnA 

New  in  manufacturers  box.  Ltd.Gty. 

PMT-R1512 $79ea. 

BOSCH,  DRILL  MOTOR  and  GEAR  DRIVE  ASSEMBLY 
with  CUSTOM  SURFA  CE  MOUNTING  BRACKET! 

These  beauties  have  all  the  torque  you  could  want.... 

Brand  new  in  mfgrs  boxes.  These  assemblies  normally  provide  the 
rotary  motion  for  a quality  Bosch  12V 
drill/driver.  The  assembly  consists  of 
a 17000  RPM  drive  motor  and  a 14:1 
planetary  gear  head  wilh  variable 
clutch,  the  motor  operates  from  3 to 
12VDC.  Measured  data  in  table. 

A unique,  custom,  glass  filled  plastic  cradle  mount  is  included  for  easy 
surface  mounting.  Overall  size  is  7.4"L  x 2.4"  diam.  |3.3"W  in  the  cradle) 

Threaded  output  shaft  is  0.04B"diam.  Fifteen  torque  setting  plus  locked. 

We  have  a limited  supply  of  Ihese  fantastic  robotic  drive  motors.  Order 
now,  avoid  disappointment.  Mir  # 2606200917,  Drive  # 2607022 890 
DRILL  DRIVE $39set,  Motor  & Cradle  2 sets  for  $69 

DC  MO  TOR  drives  FLEXIBLE  SHAFT  with  LEAD  SCREW  and 

New,  18"  L flex  shaft  enclosed  in  a 3/8" D protective  sheath. 

One  end  "Plugs"  into  the  motors  right  angle  drive  which 
outputs  the  flex  rotation  by  turn  ing  of  a 1/2"  diam.  x7"Lr  10  TPI 
lead  screw  upon  which  rides  a 1"  xl"  2"L  "nut  /carriage"  with 
two  1/4  x 20  threaded  holes  spaced  V apart  on  the  iong  axis. 

Flex  shafts  have  a 0.14"  x 0.14"  square  drive  end.  You  receive 
one  motor/shaft  set.  They  were  originally  designed  to  move  power  seats.  Heavy  duly. 
FLEX-DRIVE  KIT...!...$24  2 for  $40 

1 


WARNING  LIGHT, 

New,  boxed.  12VDC  powered 
lamp  with 
motorized 
rotating 
mirror. 

Red 
and 
blue 
dome  & 
spare 
lamp 
sup- 
plied. Not  V/aterproof.  Light 
you  r robot,  get  som  e attenti  on . 
ROTOLI  GHT.....$1 2ea. 
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3.5A 

3400 

242 
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5.0A 

8000 

571 
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5.7A 

12500 

893 

12 

6.QA 

17200 

1228 

Vliri)  1 mil 

Out  RPM, 
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1.1  A 
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1.4A 

295 
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1.6A 

468 

12 

1.8A 

642 

WE  WMMT  TO  BUYS 
ESOTERIC  AND 
UNI/SIM.  AWERIATTff 


LASER  SCANNER,  GSI LUMONICS,  M SERIES, 
CLOSED  LOOP,  MOVING  MAGNET  MOTOR 
with  capacitive  position  sensor.  Speed  & Accuracy! 

Brand  new,  GSI  Model:  3008522  mirror  scanner. 

M-series  optical  scanners  are  the  first  in  GSI  product 
to  use  moving  magnet  technology.  This  robust 
design  combines  the  sub-millisecond  speed  with 
the  micro-radian  accuracy  second  generation 
capacitive  position  detector.  Excellent  drift,  noise, 
linearity  and  dynamic  performance  optimized  to 
position  mirrors  between  9 and  20mm clear 
a pertu  re.  M2  sea  nners  del  iver  the  performanc  e 
needed  in  most  of  today's  beam  and  image 
steering  applications. 


Units 

±3Ga  degrees,optical 
0.1  % over  *2  0a  optical 

30/10  pradians/DC 
100/20  ppm/T 
0-50  aC 

mm.  dear  aperture 
Hz 
pS 
ms 


BOSCH , REVERSIBLE,  HIGH 
TORQUE,  DC  GEARMO  TOR, 

With  2.4  " LONG  STEEL  SHAFT. 

These  are  brand  new.  very  rugged,  right  angle 
drive,  g ea  r motors  orig  inal  ly  i ntended  for  an 
automotive  application.  They  are  very  substantial, 
weighing  over  2 pounds  each!  They  offer  a 0.44" 
diam.  x 2.4"L  steel  drive  shaft  located  centered 
between  three  0.45"  diameter  cast  aluminum  "spider 
threaded  mounting  points.  Each  offset  120*  and  on  a 
diameter  of  2.75".  Overall  size:  5"H  x7.5"L  x2.7"W 
Motor  will  operates  with  wrist 
twisting  torque.  As  little  as 
3VDC  lights  it  up.  nominal  is 
12VDC.  Draws  about  4.5  A 
under  load.  All  m eta  I c onstruction 
Also  it  is  of  course,  reversible. 


V(in] 

l[nl) 

RPM 

3 

2.7A 

16 

6 

3.1A 

39 

9 

3.3A 

63 

12 

3.5A 

88 

9-20 

>2000 

<400 

<2 


Specifications 
Parameter  M2 

Max  Scan  Angle 
Non-linearity  imaxi 
Offset  Drift  (max) 

Gain  Drift  (max) 

Operating  Temperature 
Optimal  mirror  size 
Bandwidlh  (typ] 

Small  Step  Response  (typ I 
Full  Step  Response  Itypl 

GSI  SCANNER $149ec.  LIMITED  QUANTITY 

POWERFUL,  "KIDs  CAR"  DRIVE  MOTOR. 
MASSIVE  GEAR  REDUCTION  for  BIG  TORQUE. 

New,  right  angle  drive  system  intended  for  use  in  a chi  Ids  motorized 
vehicle.  A.  powerful  12VDC  motor  drives  the  attached  gearbox  to 
provide  final  drive  m K through  a 1.75"  diam.  splined 

drive  shaft,  the  2.7"  f diam.male  mating  hub. 

(black  piece  in  photoj. This 
in  a 3.9"  diam.  flange eith 
bolts.  There  is  also  a 
through  hole  in  the  center  of 
Nice  for  a large  platform. 


RA  DRIVE  with  SHAFT. $24ea. 

SPECIAL 2 for  $39 


REVERSIBLE,  HIGH  TORQUE, 

AC  GEARMOTOR,  ORIENML  MOTOR, 
MODEL,  2RK6GN/2GN15KA 

A super  nice,  matched.  1450  RPM, 

1/1 25 HP  motor  & 15:1  gearbox 
provide  lOOrpm  at  the  0.3"  diam.  x 
1.1‘L  out-put  shaft.  Shaft  rota-tion  is 
the  same  as  the  motor  shaft. 

Instantly  reversi ble  capacitor  start 
motor.  (Cap.  supplied)  operates 
from  115WAC  @ 0.1 9 A.  Torque  is 
4.4Lb  in.  Regular $135 each.  Limited 
quantity:  Overall  size  is:  2.4"  X 2.4"  x 
4.25'Long.  Weight  1.51  bs. 

OM-2GN1 5K $20  or  3 for  $49 

LIKE  THIS  STUFF?  SEE  MORE 
ON-LINE  at  OUR  WEB  STORE * 
2005  our  1 4th  Year!  « * 


VGn) 

Knl) 

RPM  Amps 

3 

900mA  26  Loaded 

6 

1.0  A 

57  5A 

9 

1.1A 

89 

12 

1.2A 

117 

CAR  DRIVE  FP....$2Qea.  2 for  $35 
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The  Latest  in  Networking  and  Wireless  Technologies 

Open  Communication 

The  Magic  of  Antennas 


If  you  really  want  to  know  what 
makes  any  wireless  application 
work,  it  is  the  antenna.  Most  peo- 
ple working  with  wireless  — radio  to 
those  of  you  who  prefer  that  term  — 
tend  to  take  antennas  for  granted.  It 
is  just  something  you  have  to  add  on 
to  a wireless  application  at  the  last 
minute.  Well,  boy,  do  I have  news  for 
you.  Without  a good  antenna,  radio 
just  doesn't  work  too  well.  In  this  age 
of  store/on  line-bought  shortwave 
receivers,  scanners,  and  amateur 
radio  transceivers,  your  main  job  in 
getting  your  money's  worth  out  of 
these  high-ticket  purchases  is  to 
invest  a little  bit  more  and  put  up  a 
really  good  antenna.  In  this  column, 
I want  to  summarize  some  of  the 
most  common  types  and  make  you 
aware  of  what  an  antenna  really  is 
and  how  it  works. 

Transducer  to  the 
Ether 

In  every  wireless  application, 
there  is  a transmitter  and  a receiver. 
They  communicate  via  free  space  or 
what  is  often  called  the  ether.  At  the 
transmitter,  a radio  signal  is  devel- 
oped and  then  amplified  to  a specif- 
ic power  level.  Then  it  is  connected 


to  an  antenna.  The  antenna  is  the 
physical  “thing"  that  converts  the 
voltage  from  the  transmitter  into  a 
radio  signal.  The  radio  signal  is 
launched  from  the  antenna  toward 
the  receiver, 

A radio  signal  is  the  combination 
of  a magnetic  field  and  an  electric 
field.  Recall  that  a magnetic  field  is 
generated  any  time  a current  flows  in 
a conductor.  It  is  that  invisible  force 
field  that  can  attract  metal  objects 
and  cause  compass  needles  to 
move*  An  electric  field  is  another 
type  of  invisible  force  field  that 
appears  between  conductors  across 
which  a voltage  is  applied.  You  have 
experienced  an  electric  field  if  you 
have  ever  built  up  a charge  by  shuf- 
fling your  feet  across  a carpet  then 
touching  something  metal  ,,,zaaapp, 
A charged  capacitor  encloses  an 
electric  field  between  its  plates. 

Anyway,  a radio  wave  is  just  a 
combination  of  the  electric  and  mag- 
netic fields  at  a right  angle  to  one 
another.  We  call  this  an  electromag- 
netic wave.  This  is  wrhat  the  antenna 
produces*  It  translates  the  voltage  of 
the  signal  to  be  transmitted  into 
these  fields*  The  pair  of  fields  are 
launched  into  space  by  the  antenna, 
at  which  time  they  propagate  at  the 
speed  of  light  through 
space  (300,000,000 
meters  per  second  or 
about  186,000  miles 
per  second)*  The  two 
fields  hang  together 
and  in  effect,  support 
and  regenerate  one 
another  along  the  way. 

This  strange  rela- 
tionship was  proved 
mathematically  by 
physicist  James  Clerk 


Maxwell  in  the  late  19th  century. 
Therefore,  we  call  these  Maxwell’s 
equations  and  they  are  at  the  heart 
of  all  wireless  systems.  The  radio 
wave  then  passes  by  the  receiving 
antenna  and  induces  a voltage  into  it 
that  contains  all  of  the  originally 
transmitted  signal.  The  receiver  then 
amplifies  this  voltage  and  recovers 
the  information. 

So,  in  summary,  an  antenna  is  a 
transducer  for  converting  a voltage 
into  a radio  wave  and  then  converting 
the  radio  wave  back  into  the  voltage. 
Any  antenna  will  work  just  as  well  at 
sending  as  it  does  at  receiving,  and 
you  will  hear  this  referred  to  as  anten- 
na reciprocity.  Also,  let’s  get  this 
straight  right  now:  If  you  do  not  have 
an  antenna,  you  won't  have  any  wire- 
less communications.  Even  a bad 
antenna  is  better  than  none  at  all. 

Those  wrho  really  appreciate 
what  antennas  do  are  those  people 
who  had  to  fool  around  with  TV 
antennas  back  before  cable  (BC),  Mo 
antenna,  no  TV,  If  you  were  lucky 
enough  to  be  near  a TV  station,  you 
could  use  the  epitome  of  all  anten- 
nas — rabbit  ears.  Don’t  you  remem- 
ber howr  you  had  to  rotate  them, 
adjust  their  length,  and  even  attach 
aluminum  foil  to  them  to  get  a good 
picture?  It  was  even  more  of  a big 
deal  if  you  had  to  have  an  outside 
antenna.  You  had  to  adjust  the  direc- 
tion of  the  antenna  to  get  the  best 
reception.  You  discovered  the  basic 
rule  of  antennas  used  for  high  fre- 
quencies: the  taller,  the  better. 

If  you  are  a ham,  I won't  belabor 
the  point.  You  knowr  darn  well  that 
most  of  your  experimentation  as  a 
ham  has  probably  been  with  anten- 
nas. You  have  to  have  one  even  if  your 
equipment  is  totally  store-bought  or 
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Figure  I .A  dipole  is  a pair  of  conductors  that,  together,  are 
a.,  half-wave  length  long  at  the  operating  frequency. 
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home  brew.  It  is  a never-ending  battle. 

For  you  shortwave  listeners,  anten- 
nas are  also  critical.  Although  you  can 
often  get  by  with  short  inside  antennas 
if  you  have  a good  receiver  for  just  lis- 
tening. If  you  have  ever  tried  an  outside 
antenna,  you  know  that  the  longer  and 
higher  it  is,  the  better  the  reception.  If 
you  are  into  scanners,  you  know  that 
an  outside  antenna  up  high  is  the  tick- 
et to  maximum  coverage. 

Today,  most  of  the  antennas  we 
encounter  are  built-in.  We  have  car 
antennas,  cell  phone  antennas,  and 
those  in  family  radios  and  CBs.  If  you 
use  any  wireless  networking  products 

— like  Wi-Fi  in  a laptop  — the  anten- 
nas are  built  in,  but  are  just  as  impor- 
tant, And  just  try  to  get  a good  satel- 
lite TV  signal  without  a dish  antenna 
pointed  in  the  right  direction.  Anyway 

— and  pardon  the  pun  — you  get  the 
picture.  That  seemingly  worthless 
collection  of  wires,  conductors,  and 
copper  patterns  are  the  key  to  good 
communications. 

Antenna  Basics  1 0 1 

Most  antennas  are  some  variation 
of  the  basic  antenna  that  we  call  a 
dipole.  A dipole  is  a pair  of  conductors 
that,  together,  are  a half-wavelength 
long  at  the  operating  frequency  (see 
Figure  1).  A wavelength  is  the  distance 
between  adjacent  peaks  or  troughs  of 
the  radio  wave  fields.  This  distance  is 
dependent  upon  the  frequency  of  the 
signal.  You  can  calculate  wavelength 
represented  by  the  lowercase  Greek 
lambda  — X — with  this  formula: 

X = 300,000,000/f 

The  300,000,000  is  the  speed  of 
light  in  meters  and  f is  the  operating 
frequency  in  Hz,  Since  our  antennas 
are  mostly  used  at  the  higher  fre- 
quencies, we  can  use  the  formula: 

X = 300/fMHz 

The  wavelength  is  in  meters.  For  exam- 
ple, a 150  MHz  signal’s  wavelength  is: 

X = 300/ 1 50  = 2 meters 


You  can  also  calculate  wavelength  in 
feet  using  the  formula: 

X = 984/fMHz 

The  dipole  has  a length  of  one-half 
wavelength,  or  X/2.  This  length  for  wire 
antennas  is  computed  with  the  formula: 

X/2  = 492/fMHz 


However,  if  the  antenna  is  wire  or 
some  other  thin  conductor,  this  has  to 
be  modified  to: 

X/2  = 468/fMHz 

Let’s  say  you  want  an  antenna 
to  receive  the  WWV  time  signal  at 
10  MHz*  A dipole  for  that  frequency 
will  be: 
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Figure  2 . The  radiation  pattern  is  actually  a 
figure-eight  pattern. 


X/2  = 468/fMHz  = 468/10  = 46.8  feet 

Each  section  of  the  dipole  then  is 
one-half  that  length  or  46.8/2  = 23.4 
feet  or  about  23  feet  and  five  inches. 

This  antenna  will  be  resonant  to 
10  MHz.  It  acts  just  like  a resonant 
i n d net  a nce-ca  pa  cit  a nce-resi  st  a nee 
(LCR)  circuit.  At  the  operating  fre- 
quency, it  appears  to  be  a resistance 
of  about  73  ohms.  If  does  have  a cer- 
tain amount  of  bandwidth,  but  — if  you 
stray  too  far  from  the  resonant  point  — 
the  antenna  begins  to  look  like  com- 
plex impedance  that  is  a combination 
of  resistance  and  reactance,  capaci- 
tive at  lower  frequencies  and  inductive 
at  the  higher  frequencies. 

You  also  need  some  way  to  con- 
nect the  antenna  to  the  receiver  or 
transmitter.  This  is  done  with  a trans- 
mission line.  The  most  widely  used 
type  of  transmission  line  is  coax  cable. 


Figure  3.  Another  common  antenna  type  is  the 
quarter- wave  (1/4)  ground  plane. 
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You  can  get  a coax  cable 
with  a 7 5- ohm  characteristic 
impedance  that  is  a very 
close  match  to  the  antenna’s 
impedance.  RG-59/0  is  one 
example,  as  is  RG-6/0, 
which  is  commonly  used  in 
cable  TV  systems. 

As  if  turns  out  most 
people  use  a 50-ohm  coax 
with  a dipole  because  it  is 
the  most  common  imped- 
ance used  for  inputs  and 
outputs  on  receivers  and 
transmitters.  There  are  lots 
of  different  types  of  50-ohnm 
cable,  like  RG-58/0,  RG- 
8/0,  and  RG-213/G.  There  are  many 
others.  Even  with  the  difference 
between  50  and  75  ohms,  this  mis- 
match doesn’t  matter  that  much.  As 
it  turns  out,  the  impedance  of  the 
dipole  at  resonance  varies  consider- 
ably with  the  height  above  the 
ground.  The  73-ohm  value  doesn’t 
really  become  the  actual  impedance 
until  the  antenna  is  over  one  wave- 
length above  the  ground.  This  is  pret- 
ty high  at  the  lower  frequencies  and 
is  rarely  attained.  That  is  why  the 
antenna  is  such  a good  match  to  the 
common  and  cheap  50-ohm  cable. 
The  dipole  is  actually  a directive 
antenna.  That  is,  it  does  not  radiate 
the  electromagnetic  waves  equally  in 
all  directions.  The  radiation  pattern  is 
actually  a figure-eight  pattern,  as 
shown  in  Figure  2,  Looking  down  on 
the  antenna  from  above,  the  maxi- 
mum horizontal  radiation  pattern  is 
at  a right  angle  to  the  line  of 
the  antenna  wire.  If  you  can 
think  in  3-D  for  a minute,  visu- 
alize that  figure  eight  as  a 
doughnut-shaped  pattern. 
Looking  at  the  pattern,  there 
is  actually  very  little  radiation 
from  the  ends  of  the  antenna, 
Now  you  can  see  why  it  is 
important  to  orient  the  anten- 
na for  the  desired  direction  of 
transmitting  or  receiving. 

Incidentally,  if  you  mount 
the  antenna  vertically,  its  anten- 
na pattern  is  a circle.  We  call 
this  omnidirectional.  It  radiates 
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or  receives  equally  well  in  all  direc- 
tions. This  is  a pretty  tricky  thing  to  do 
physically  with  long  wire  antennas,  so 
this  technique  only  works  for  short 
antennas  used  at  high  frequencies. 

That  brings  up  one  more  key 
antenna  fundamental:  polarization. 
Polarization  is  defined  as  the  direc- 
tion of  the  electric  field  with  respect 
to  the  Earth,  If  the  dipole  is  mounted 
horizontally,  the  polarization  will  be 
horizontal.  Mounting  the  antenna 
vertically  produces  vertical  polariza- 
tion, Ideally,  you  want  both  the  trans- 
mitting and  receiving  antennas  to 
use  the  same  polarization  for  maxi- 
mum signal  strength,  but,  as  it  turns 
out,  as  the  wave  travels  over  long  dis- 
tances it  is  rotated  a bit,  so  you  can 
still  get  reception  of  a vertically 
polarized  signal  on  a horizontal 
antenna  and  vise  versa. 

Another  common  antenna  type 
is  the  quarter- wave  (X/A)  ground 
plane  (see  Figure  3).  What  it 
amounts  to  is  half  of  a dipole,  mount- 
ed vertically.  The  center  conductor  of 
the  coax  attaches  to  this  vertical  con- 
ductor while  the  shield  of  the  coax 
connects  to  ground.  The  ground  (or 
Earth)  acts  like  the  other  half  of  the 
dipole.  The  nice  thing  about  a ground 
plane  is  that  the  length  of  the  anten- 
na is  half  that  of  the  dipole.  This  is  a 
big  deal  at  the  lower  frequencies. 

For  example,  the  length  of  a 
dipole  for  an  AM  radio  transmitter  at 
650  kHz  (0.65  MHz)  will  be: 

X/2  = 468/fMHz  = 468/0.65  = 720  feet 

The  actual  formula  for  a quarter 
wrave  ground  plane  is: 

X/A  = 234/fMHz  = 234/0.65  = 360  feet 

Note,  if  we  use  a quarter- wave  ground 
plane,  the  length  is  only  360  feet. 
Think  of  the  cost  difference  between 
a 720-foot  tower  and  a 360-foot  tower 

— big  difference. 

in  most  applications,  the  Earth 
is  not  used  as  the  other  side  of  the 
dipole.  Instead,  at  the  higher  frequen- 
cies, we  often  use  a large  metal  area 

— larger  than  one-quarter  wrave- 
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Figure  4*  In  some  antennas,  an  array  of  radial s is  used. 


length.  For  example,  on  car  antennas,  the  ground  plane  is 
the  metal  surface  of  the  car  surrounding  the  antenna.  In 
some  antennas,  an  array  of  radials  is  used  (see  Figure  4). 
Note  that  there  are  four  or  more  conductors  of  X/4  mount- 
ed at  the  base  of  the  vertical  segment  of  the  antenna. 
These  may  be  wires  on  lower  frequency  antennas  or  short 
horizontal  conductors  in  higher  frequency  antennas. 

in  any  case,  the  ground  plane  antenna  is  also  resonant 
at  its  frequency  of  operation.  The  resistive  value  of  its  feed 
point  is  about  36  ohms.  Normally,  we  use  a 50-ohm  coax 
cable  to  feed  the  ground  plane,  as  it  is  a close  match  and 
works  well.  The  radiation  pattern  for  the  ground  plane  is  a 
circle,  meaning  that  it  is  omnidirectional  and  transmits  and 
receives  equally  well  in  all  directions. 

Common  Antenna  Types 

Most  radio  applications  use  a dipole  or  a ground  plane, 
but  there  are  many  other  special  types  of  antennas.  Almost  all 
of  them  are  some  variation  of  either  the  dipole  or  the  ground 
plane.  A good  example  is  the  widely  used  Yagi.  Take  a look  at 
Figure  5.  This  antenna  uses  a dipole  as  the  antenna,  but  par- 
asitic elements  are  added  to  shape  the  radiation  pattern. 

The  longer  element  next  to  the  dipole  — or  driven  ele- 
ment — is  called  the  reflector.  It  actually  does  reflect  (at  least 
redirect)  some  of  the  energy  from  the  dipole  in  the  forward 
direction.  The  shorter  element  is  called  a director.  It  further 
helps  focus  the  radio  wave  in  the  forward  direction.  The  end 
result  is  that  the  dipole  energy  is  concentrated  and  directed 
in  one  direction,  making  the  antenna  directive.  The  radiation 
pattern  looks  something  like  what  you  see  in  Figure  6. 

The  Yagi  antenna  has  what  we  call  gain.  It  actually 
boosts  the  signal  level  because  the  electromagnetic  ener- 
gy is  focused  in  one  direction.  For  example,  if  your  trans- 
mitter puts  out  one  watt  of  power  and  you  connect  it  to  a 
Yagi,  the  actual  effective  radiated  power  (ERR)  may  be  five 
times  that  — five  watts.  The  receiver  doesn’t  know  the  dif- 
ference between  a plain  old  five-watt  transmitter  on  a sim- 
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Figure  6.  The  dipole  energy  of  the  Yagi  is  concentrated  and 
directed  in  one  direction,  making  the  antenna  directive. 


Figure  5.  The  Yagi  antenna  uses  a dipole  as  the  antenna,  but 
parasitic  elements  are  added  to  shape  the  radiation  pattern. 


pie  dipole  or  a one-watt  signal  from  a 
Yagi.  You  can  actually  get  much 
higher  gains  by  adding  more  direc- 
tors. Yagis  with  up  to  20  directors  are 
available  to  give  super  high  gains. 
The  downside  is  that  the  antenna  is 
highly  directive  so  you  have  to  point 
it  correctly  to  get  the  signal. 

Another  common  type  of  anten- 
na is  the  parabolic  dish  (see  Figure 
7).  It  is  used  mainly  at  microwave  fre- 
quencies above  1GHz.  The  dish,  as  it 
is  called,  has  a parabolic  shape  that 
takes  the  energy  from  an  antenna 
like  a dipole  and  concentrates  all  its 
radiation  into  a highly  focused  radio 
beam.  The  antenna  signal  reflects  off 
of  the  dish  and,  because  of  its  unique 
geometric  shape,  all  of  the  waves  are 
concentrated  into  a very  narrow 
beam.  This  makes  the  dish  very 
highly  directive,  but  the  upside  is  the 
super  high  gain.  You  can  see  why  a 


dish  is  used  on 
satellite  TV.  With 
the  satellite  out 
there  in  orbit 
22,300  miles 
away,  the  signal  is 
extremely  small  when  it  gets  to 
Earth.  The  dish  has  a very  high  gain, 
so  it,  in  effect,  boosts  the  signal  level 
before  it  gets  to  the  receiver. 

Another  type  of  antenna  you  don’t 
see  much  of,  but  that  is  widely  used,  is 
the  patch  antenna.  It,  too,  is  used 
mainly  at  microwave  frequencies.  A 
very  common  application  is  with  wire- 
less local  area  networks  (WLANs)  that 
connect  PCs  and  laptops.  Popular 
access  points,  called  hot  spots,  allow 
laptops  to  connect  to  the  Internet  at 
many  public  places,  like  airports, 
hotels,  and  coffee  shops.  The  antenna 
used  in  many  of  these  2.4-GHz  radios 
is  a patch.  It  Is  essentially  just  an  area 
of  copper  on  a printed  circuit  board 
(RGB)  about  one-half  wavelength  in 
size  that  may  be  square  or  circular 
(see  Figure  8).  A copper  ground  plane 
on  the  other  side  of  the  PCS'  acts  like 
a reflector  to 


focus  the  energy  forward. 

You  can  actually  put  multiple 
patch  antennas  on  a large  PCB  and 
drive  all  of  them  simultaneously.  This 
gives  lots  of  gain  and  directivity.  You 
can  even  control  the  phase  of  the 
signals  to  or  from  the  antenna,  mak- 
ing it  possible  to  shape  the  radiation 
pattern  or  the  gain  on  the  fly.  These 
are  called  phased  arrays  and  they 
are  widely  used  in  military  radar,  but 
they  are  becoming  more  popular  in 
cell  phone  systems  and  WLANs. 

Anyway,  I am  out  of  space  for 
this  issue.  I will  follow  up  in  a later 
column  with  more  antenna  types. 
For  now,  pay  attention  to  your  anten- 
na. It  will  make  your  seemingly  failed 
wireless  project  a true  success.  NV 


For  Your  Info 


The  February  Open  Communications  column 
covered  the  Ramsey  QRP  transm liter  kits.  in 
lieu  of  the  schematic  diagrams,  the  photos  were 
accidentally  printed  instead.  Ramsey  has  made 
the  schematics  available  for  those  of  you 
who  need  access  that  information.  Visit 
h ttpdlra  ms  ey  ki  ts ♦ c o mfq  rp 


Figure  7.  Another  type  of  antenna  is  the  parabolic  dish 
similar  to  any  satellite  dish  system. 


Figure  8.  The  antenna  used  in  many  2.4-GHz  radios  is  just  an  area 
of  copper  on  a PCB  about  one -half  wavelength  in  size. 


Parabolic 

Reflector 


Focused 

Narrow 

Beam 


PCB 


Radiation 

Pattern 


12 


APRIL  2005 


PolarisUSA  Video,  Inc 


22  Years  of  Service!  1983  - 2005 


YOUR  ONE  STOP  SUPPLYT|PR  ALL  YOUR  VIDEO  SECUgliTiYlNlBEDS1 


E-400-DVR 

*539.95 


4-Channel  DVR  with  Audio. 
TCP/IP  Monitoring 
Embedded  Hard  Drive 
- Mot  Included 
Motion  Detection 
M-JPEG  Compression 


MB-1250U 

$89.95 


1/3"  CCD  Color 
Microboard  Camera 

380-470  TVL 
0.5  LUX/2X  ZOOM 


ILC-3G0 
* 189.95 


1/4”  Color  Infrared 
Lipstick  Camera 


DX-8263SL 

$249.95 


1/3M  High:  Resolution 
Color  Star  Light  Camera 

470  TVL  / 0,003  LUX 


MPX-2400 


2.4  GHz  Video  Transmitter 
Module 


$89.95 


4 Channel  Video,  Mono 
Audio 


470  TVL  / 4.3mm 


XDC-220IR 


1/4”  CCD  Color  IR  Camera 
220X  Zoom  Day/Night 


*799.95 


Autofocus  / 470  TVL  / infrared 


DVC-140PRO 

*99.95 


4 Camera  PCI  Card 

View  Up  to  16  Cameras 
Using  Your  PC! 

(With  All  4 Cards  Installed) 


*2/9.9  5 


420  TVL  and  6mm  Lens 
Weather-Resistant 


HVS-D2 

$59.95 


1/3”  CCD  Color 
Dome  Camera 

380  TVL /3.6mm 


Toll  Free 
800-308-6456 


Circle  #32  on  the  Reader  Service  Card. 

PolarisUSA  Video 


Local 

678-405-0089 


@©®ced8$7  <u&© 

PolarisUSA  Video,  Inc.  • 31 58  Process  Drive  • Norcross,  GA  ■ 30071 


mu 

its. cam  mm 


Providing  Fun  Electronics 


For  Over  3 Decades! 


Mlnl-Ktts... 

The  Building  Blocks! 


| Tickle- Stick 


Audio/RF  Signal  Generator 


✓ DDS  and  SIVIT  technology! 

1/  0 Hz  to  5 MHz  at  0. 1 Hz  resol utionf 

✓ 0 to  10V  peak  to  peak  output  level 

✓ Sine,  Square,  or  Triangle  waveform 

Following  our  world  famous  SG 550,  we  are  proud  to  introduce  the 
SC 5 60,  the  next  generation  signal  generator! 

To  begin  with  we  increased  the  frequency  range  all  the  way  up  to  5MHz  and  all  the  way  down  to  OHz  (yesf  we 
mean  zero... or  DC!)  continuously  in  0.1  Hz  steps  across  the  entire  range!  Then  we  gave  it  a variable  output  level 
all  the  way  up  to  10V  peak  to  peak  in  either  Sine,  Square,  or  Triangle  waveforms!  You  can  also  provide  a DC 
offset  to  the  output  to  recreate  TTL,  4000  series  logic  levels,  low  voltage  logic  levels,  AC  waveforms  with  a DC 
component,  or  just  plain  AC  signals! 

SMT  and  DDS  technology  is  used  throughout  the  SG560  for  ultimate  performance  and  reliability.  If  you're  look- 
ing for  a lab  quality  sig  gen  at  a super  hobbyist  price,  the  brand  new  SC 5 60  fits  the  bill. ..and  a whole  lot  more! 

SG560WT  Audio/RF  Signal  Generator,  Factory  Assembled 


The  kit  has  a pulsing  80  volt 
tickle  output  and  a mischie- 
vous blinking  LED.  And  who  Pj 
can  resist  a blinking  light!  Great  ' 
fun  for  your  desk,  iHey,  I told  you  not  to  touch!" 
Runs  on  3-6  VDC 


Hand  Held  Digital  Scope  With  DVM  Readout 


✓ Digital  waveform  and  measurement  display! 

✓ 10MHz  and  40MHz  sample  rates! 

✓ Backlit  LCD  display 

✓ RS232  output  (40MHz  model  only) 

✓ Charger,  case,  probes  included 

We've  seen  a lot  of  portable  scopes  and  scope/ meters,  and  we've  also  seen  the  price  tags! 

They  have  always  been  way  out  of  the  reach  and  budget  of  the  hobbyist  No  more!  Now  for 
dose  to  the  price  of  a good  DMM  you  can  have  a personal  scope  that  also  has  DVM  readout 
for  dBm,  dBV,  DC,  and  True  RMS!  Frequency  readout  is  also  displayed  on  the  screen  through 
markers,  plus  the  scopes  have  two  memories  for  digital  storage. 

The  40MHz  model  also  includes  an  RS232  output  and  serial  interface  to  capture  the  screen 
display  on  your  scope  to  your  PC  at  the  mere  push  of  a button!  These  scopes 
run  on  5 standard  AA  Alkaline  batteries  (not  included)  which  provide  up  to  20  hours  of  use. 

I You  can  also  use  rechargable  AA  NiMH  batteries  instead  and  they'll  be  charged  with  the  includ- 
- ed  power  supply!  Both  units  come  with  a custom  foam  lined  high  impact  carrying  case,  set  of 
J [high  quality  scope  probes,  AC  power  adapter  and  a comprehensive  user's  manual.  If  you're 
working  with  electronic  circuits,  automotive  applications,  audio  and  stereo  applications  or  other 
applications,  the  personal  scope  is  for  you. ..at  a price  that  can't  be  beat! 

HPS10SE  Personal  Handheld  10MHz  Digital  Scope  $229.95 

HPS40  Personal  Handheld  40MHz  Digital  Scope  W/RS232  $299.95 

PS2S  9VDC  Power  Supply/Charger  $9.95 


Dual  Display  DMM  With  RS232  Output 


v*  RS232  output  to  your  PC! 

✓ Digital  and  analog  bargraph  display 

✓ Backlit  LCD  display  with  data  hold 


✓ Manual  and  auto  ranging 

✓ Includes  probes,  RS232  cable,  & software 

We  gave  you  an  inexpensive  pocket  DMM  for  under  20  bucks.  Then  we  gave  you  a super 
multi-purpose  professional  multimeter  that  measured  virtually  everything  for  40  bucks.  What's 
next,  you  ask?  You  won't  believe  It!  Everything  PLUS  R 52 32  serial  data  output  for  connection 
to  your  PC!  That's  right,  now  you  can  measure,  control,  and  store  your  DMM  and  its  readings 
on  a graphical  display  on  your  PC! 


Tickle  Stick  Kit 


$12.95 


Super  Snoop  Amplifier 


Super  sensitive  amplifier  that  will 
pick  up  a pin  drop  at  15  feet!  Full 
2 watts  output.  Makes  a great  "big 
ear"  microphone.  Runs  on  >6- 1 5 VDC 

BN9  Super  Snoop  Amp  Kit 


$9.95 


Dripping  Faucet 


Produces  a very  pleasant,  but 
o b n oxi gus,  rep et Itive  "plink,  pi n k" 
sound!  Learn  how  a simple  transistor 
oscillator  and  a 555  timer  can  make  such 
a sound!  Runs  on  4-9  VDC. 


Dripping  Faucet  Kit 


$9.95 


LED  eilnfeu 


Our  #1  Mini-Kit  for  31  years! 

Alternately  flashes  two  jumbo  red 
LED's.  Great  for  signs,  name  badges, 
model  railroading,  and  more.  Runs  on  3-15  VDC. 

BL1  LED  Bliriky  Kit  $7.95 


Touch  Tone  Decoder 


Strappable  to  detect  any  single 
DTMF  digit.  Provides  a closure  to 
ground  up  to  20mA  Connect  to 
any  speaker,  detector  or  even  a phone 
line.  Runs  on  5 VDC. 

DTMF  Decoder  Kit 


$24.95 


Electronic  Siren 


Produces  the  upward  and  down- 
ward wail  of  a police  siren. 
Produces  5W  output  and  will  drive 
any  speaker!  Runs  on  6-12  VDC. 

Electronic  Siren  Kit 


$7.95 


Universal  Timer 


Build  anything  from  a time  delay 
to  an  audio  oscillator  using  the 
versatile  555  timer  chip!  Comes 
with  lots  of  application  ideas.  Runs  on 
_ 15  VDC 

Universal  Timer  Kit 


$9.95 


" Features  both  auto  and  manual  ranging  with  a large  33A  digit  display 
with  a 36  segment  analog  bargraph.  Selectable  backlight  and  data  dis- 
play hold  features  are  also  included.  Plug  in  the  provided  DBS  serial  cable  to  your  PC, 


load  the  included  software,  and  you're  oft  and  running  with  a remote  control  digital 
multimeter  from  your  PC!  Includes  standard  test  probes,  temperature  test  probes,  pro- 
fessional rubber  holster,  RS232  cable,  installed  9V  battery,  Windows  software  CD,  all  in 
a neat  travel  case. 


DVM345DI  Dual  Display  DMM  With  RS232  Output 


Voice  Switch 


Voice  activated  (VOX)  provides  a 
switched  output  when  it  hears  a 
sound.  Great  fora  hands  free  PTT 
switch,  or  to  turn  on  a recorder  or  light!  Runs  on 
6-12  VDC  and  drives  a 100  m A load. 


VS1 


Voice  Switch  Kit 


$9.95 


Sniff-lt  RF  Detector  Probe 


✓ Use  with  any  DMM  or  VOM  to  measure  RF! 

✓ Low  cost  RF  measurement! 

✓ Can  also  be  used  as  a field  strength  meter 

✓ 100kHz  to  1000MHz! 

The  RF1  Is  a very  sensitive  RF  detector  probe  that  connects  to  any  digital  mufti- 
meter  and  provides  a DC  voltage  output  from  weak  RF  signals.  This  allows  very 
easy  tracing  of  low  level  RF  signals  that  a counter  can  not  pick  up.  Wide  fre- 
quency coverage  of  100  KHz  to  over  1000  MHz  lets  you  track  down  most  any 
pro  hie  mi  In  transmitter  chains,  receiver  stages,  or  even  complex  PLLs. 

Uses  exotic,  low  barrier  microwave  detector  diodes  to  give  exceptional  sensitivity  which  can  see  signals  down 
to  microwatt  levels!  A great  low  cost  wav  of  checking  for  RF.  Fully  assembled  and  tested,  and  includes  stan- 
dard banana  plugs  for  use  with  any  standard  VOM,  DMM  or  voltmeter.  Iff  you  need  to  measure  RF  and  don't 
want  to  spend  big  bucks,  here  you  go! 


Tone  Encoder/Decoder 


Encodes  OR  decodes  any  tone  40 
Hz  to  5 KHz!  Add  a small  cap  and  it 


will  go  as  low  as  10  Hz!  Tunable  with 
a precision  20  turn  pot.  Runs  on  5-12  VDC  and 
will  drive  any  load  up  to  100  mA. 


RF1 


RF  Sniff-lt  Probe 


$329.95 


Monthly  Giveaways!  Visit  www.ramseukns.com 


Where  The  Fun  Begins! 

The  Newest  Neatest  Stuff! 


Ion  Generator 


✓ Generates  negative  ions! 

✓ Blast  of  fresh  air,  no  noise! 

✓ Generates  DC,  not  pulsed! 

✓ 7.5kV  DC  negative,  400uA! 

This  nifty  kit  includes  a pre-made  high  voltage  ion  1 


generator  potted  for  your  protection,  and  probably | 
the  best  one  available  for  the  price.  It  also 
includes  a neat  experiment  called  an  "ion  wind 


generator".  This  generator  works  great  for  pollu- 
tion removal  in  small  areas  (Imagine  after  Grandpa 
gets  done  in  the  bathroom!),  and  moves  the  air  through 
the  filter  simply  by  the  force  of  ion  repulsion!  No  fan  blades,  no  noise,  just  swiftly 
I moving,  charged  air. 

Learn  how  modern  spacecraft  use  ions  to  accelerate  through  space.  Generate 
negative  ions  for  health  and  healing!  Includes  ion  power  supply,  7 ion  wind  tubes, 
ana  mounting  hardware  for  the  ion  wind  generator, 

IG7  Ion  Generator  Kit  £64.95 1 

AC  125  1 10VAC  Power  Supply  £9.95  | 


Electrocardiogram  Heart  Monitor 


✓ Visible  & audible  display  of  your  heart 
rhythm 

✓ Re-usable  sensors  included! 

✓ Monitor  output  for  your  scope 

✓ Simple  St  safe  9V  battery  operation 


Enjoy  learning  about  the  inner 
workings  of  the  heart  while  at  the 
same  time  covering  the  stage-by- 
stage  electronic  circuit  theory  used 
in  the  kit  to  monitor  it. 

The  three  probe  wire  pick-ups  allow  for  easy  application  and  experimentation 
without  the  cumbersome  harness  normally  associated  with  ECG  monitors.  The 
fully  adjustable  gain  control  on  the  front  panel  allows  the  user  to  custom  tune  the 
differential  signal  picked  up  by  the  probes  giving  you  a perfect  reading  every  time! 
Multiple  "beat"  indicators  include  a bright  front  panel  LED  that  flashes  with  each 
heart  beat,  an  adjustable  audio  output  to  hear  the  beat,  and  of  course,  the  moni- 
tor output  to  view  on  a scope,  just  like  in  the  ERE  Operates  on  a standard  (and 
safe)  9VDC  battery.  Includes  matching  case  for  a great  finished  look.  The  ECG1 
has  become  one  of  our  most  popular  Kits  with  hundreds  and  hundreds  of  cus- 
tomers wanting  to  get  "Heart  Smart"! 


ECG  1C  Electrocardiogram  Heart  Monitor  Kit  With  Case 

ECG  1 WT  Factory  Assembled  St  Tested  ECG  1 

ECGP10  Replacement  Reusable  Probe  Patches,  10  Pack 


£44.95 

£69.95 

$7.95 


Plasma  Generator 


✓ Generates  2"  sparks  to  a handheld  screwdriver! 

✓ Light  fluorescent  tubes  without  wires! 

1 / Build  your  own  plasma  balls! 

✓ Generate  up  to  25 kV  @ 20KHz  from  a 
solid  state  circuit! 


This  new  kit  was  con- 
ceived by  one  of  our 
engineers  who  likes  to 
play  with  things  that  can  gener- 
ate large,  loud  sparks,  ana  other 
frightening  devices.  The  result.,  the  PG13  Plasma  Generator 
designed  to  provide  a startling  display  of  high  voltage! 

It  produces  stunning  lighting  displays,  drawing  big  sparks,  to 
perform  lots  of  high  voltage  experiments.  In  the 


e picture,  we 

took  a regular  clear  "Decora"  style  light  bulb  and  connected  it 
to  the  PC  13  - WOW!  A storm  of  sparks,  light  tracers  and  plas- 
ma filled  the  bulb.  Holding  your  hand  on  the  bulb  doesn't  hurt  | 
a bit  and  you  can  control  the  discharge!  It  can  also  be  used  for 

powering  other  experiments;  let  your  imagination  be  your 

guide!  Can  also  be  run  from  5-24VDC  so  the  output  voltage  can  be  directly 
adjusted. 

PG 13  Plasma  Generator  Kit  £ 

PS21  1 10VAC  input,  16VAC  output  power  supply  $ 


et  The  Catalog! 


^ Get  the  brand  new  2005  Ramsey  Hobby 
Catalog!  64  value  packed  pages  of  the 


neatest  goodies  around!  Order  your 
copy  on-line  or  give  us  a call! 


| ✓ Senses  sound 
and  turns! 

I This  little  car  may 
not  look  like  a robot,  but  it 
sure  acts  like  one!  Designed  to  look 
like  a futuristic  vehicle,  the  on-board 
“power  train*  drives  it  in  a straight 
path.  But  a highly  sensitive  micro- 
phone on  the  board  detects  sounds, 
and  changes  the  direction  of  the  car! 
You  can  whistle  to  it,  yell  at  it,  and  it 
will  change  directions!  When  it  runs 
into  a wall  or  obstacle,  it  moves  away 
fromi  it!  Runs  on  2 standard  AA  bat- 
teries (not  included). 

| KSR1  Robot  Car  Kit  £19.95  1 


NR  Illuminator 


✓ See  in  the  dark! 

Allow  your  CCD  camera  * ; : 
to  see  in  the  dark  with 
our  IRT  Infrared 
Illuminator!  A huge 
array  of  24  high  intensi- 
ty infrared  LEDs  illuminate 
a'  good  size  area  so  the  camera 
"thinks"  itrs  daylight!  The  illumination 
provided  is  about  the  same  as  you 
would  expect  from  a very  bright  wide 
beam  fi  fa  s h I ight.  The  1 1 1 u minato  r ru  ns 
on  12-15VDC  and  is  built  on  a con- 
venient PCB  ready  to  install  wherever 
you  need  it. 


1 1 R 1 


IR  Illuminator  Kit  £29.95 


Electronic  Watch  Dog 

Stereo  Super  Ear 

| i/  Sound  activated 
barking  dog  on  a PC 
board! 

I It's  nice  to  have  a barking 
dog  to  react  to  someone  atl|| 
our  door.  But  not  all  of  us  ™ 
can  have  a dog!  No  prob- 
lem there,  build  your  own!  j 
Two  distinct  barking 
sounds  are  sound  activated 
with  a built-in  microphone 
that  has  adjustable  sensitivity.  II  wish 
my  dog  had  adjustable  sensitivity! 
This  dog  eats  9-1 2VDC.  Easy  kit 
assembly. 


| ✓ Amplifies  sound  50 
times! 

The  "Super  Ear" 
is  an  ultra  high 
gain  amplifier  that^ 
includes  two  super 
sensitive  mics  at  a 45 
degree  angle  to  give  you 
a true  stereo  output 
Includes  on/off  switch  and  volume 
control.  Standard  audio  jack  is  provid- 
ed for  audio  output.  Runs  on  3 stan- 
dard AAA  batteries  (not  included). 

Easy  to  assemble  and  fun  to  use! 


K2655  Watch  Dog  Kit  £32.95  MK136  Super  Ear  Kit 


£9.95 


Electronic  Learning  Labs 


PLnir 


PL  300'. 

✓ Learn  and  build! 

✓ 130,  300,  & 500  In  One! 
i/  Super  comprehensive  training  manuals! 


TP 

PL500  1 


Whether  you  want  to  learn  the  basics  of  electricity,  the  theory  of  electronics,  or 
advanced  digital  technology,  our  lab  kits  are  for  you!  Starting  with  our  PL130,  we 
give  you  130  different  electronic  projects,  together  with  a comprehensive  162 
page  learning  manual.  A great  start  for  the  kids...young  and  old! 

Step  up  to  our  PL300,  which  gives  you  300  separate  electronic  projects  along  with 
165  page  learning  and  theory  manual.  The  PL300  walks  you  through  the  learning 
phase  of  digital  electronics. 

If  you're  looking  for  the  ultimate  lab  kit,  check  out  our  PL5GG,  Includes  a whop- 
ping 500  separate  projects,  a 152  page  starter  course  manual,  a 78  page 
advanced  course  manual,  and  a 140  page  programming  course  manual!  The 
PL500  covers  everything  from  the  basics  to  digital  programming!  Learn  about 
electronics  and  digital  technology  the  fun  way  and  bund  some  neat  projects! 


130  In  One  Learning  Lab  Kit 

300  In  One  Advanced  Learning  Lab  Kit 

500  In  One  Super  Learning  Lab  Kit 


M&RE  than  just  friendly  on-line  ordering! 

Clearance  Specials,  Ramsey  Museum,  User  Forums,  Dealer  Information,  FAQ’s,  FCC 
info.  Kit  Building  Guides,  Downloads,  Live  Weather,  Live  Ufebcsms,  and  much  more! 

www.ramseykits.com 

800-446-2295 


590  Fishers  Station  Drive 
Victor,  NY  14564 
(800)  446-2295 
(585)  924-4560 


Where 
Electronics 
Is  Always 

FUN! 


♦ Build  It! 

♦ Learn  It! 

♦ Achieve  It! 

♦ Enjoy  It! 


Girds  #29  on  Che  Reader  Service  Card. 

Prices,  availability  and  medications  are  subject  to  change.  Visit  wfwwjamseykit5.com  for  the 
latest  pricing,  specials,  terms  and  conditions,  Copyright  2005  Ramsey  Electronics,  tnc„,so  therel 
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Events,  Advances,  and  News 
From  the  Electronics  World 


If  you  see  anything  revolutionary  and 
interesting  — or  just  plain  cool  — 
while  surfing  newsgroups,  filtering 
press  releases,  or  simply  doing  your 
job,  drop  me  a line  about  it.  Have 
questions  or  comments  about  what 
you  read  here  in  “Techknowledgey 
2GG5F'  Send  those  my  way,  too.  You 
can  reach  me  at  www.jkeckert.com 

— Jeff  Eckert 


Advanced 

Technologies 

Computing  Breakthrough 
Could  Antiquate  Transistors 


This  is  an  artists  conception  of  a molecular 
electronic  circuit  Molecular  switches  connect 
nano  meter- sc  ale  wires  into  different  planes  to 
form  a crossbar  array.  Graphic  courtesy  of 
Mad  works  Concept  Images. 


I ewlett- Packard  (www.hp.com) 
recently  announced  that  a 
technology  invented  by  its 
researchers  in  2003  has  been  proven 
to  be  a new  way  to  construct  com- 
puters as  well  as  a viable  replace- 
ment for  the  transistor.  In  a paper 
published  in  the  Journal  of  Applied 
Physics , three  members  of  HP  Labs' 
Quantum  Science  Research  (QSR) 
group  described  how  a “crossbar 
latch11  can  provide  the  signal  restora- 
tion and  inversion  required  for  gener- 
al computing  with  no  need  for  tran- 


sistors. The  technology  could  result 
in  computers  that  are  thousands  of 
times  more  powerful  than  contempo- 
rary machines. 

The  latch,  demonstrated  experi- 
mentally, consists  of  a single  wire 
acting  as  a signal  line,  crossed  by 
two  control  lines  with  an  electrical- 
ly switchable  molecular-scale  junc- 
tion where  they  intersect.  By  apply- 
ing a sequence  of  voltage  impulses 
to  the  control  lines  and  using 
switches  oriented  in  opposite 
polarities,  the  latch  can  perform 
the  NOT  operation,  which  — along 
with  AND  and  OR  — is  one  of  three 
basic  operations  that  make  up 
the  primary  logic  of  a circuit 
and  are  essential  for  general 
computing. 

In  addition,  it  can  restore  a 
logic  level  in  a circuit  to  its 
ideal  voltage  value,  which 
allows  a designer  to  chain 
many  simple  gates  together  to 
perform  computations. 

Standard  semiconductor  cir- 
cuits require  three-terminal  tran- 
sistors to  perform  the  NOT  oper- 
ation and  restore  signals. 
However,  it  is  generally  believed 
that  transistors  will  not  be  able  to 
shrink  down  to  the  size  of  a few 
nanometers  and  remain  operable. 

QSR  works  on  nanoscale  elec- 
tronic devices  that  will  first  supple- 
ment and,  someday  perhaps, 
replace  silicon  technology  that  is 
expected  to  reach  its  physical  limits 
in  about  a decade. 

In  addition  to  exploring  the  fun- 
damental scientific  principles  of 
computing  at  the  molecular  level, 
QSR  is  also  looking  at  architectural 
issues  to  determine  how  such  tiny 
devices  — thousands  of  which  could 


fit  across  the  diameter  of  a human 
hair  — could  be  fabricated  economi- 
cally and  in  mass  quantities. 

Magnetic  Particles  Help 
Detect  Alzheimer’s 


ELISA  BioBarCode 


Medium 


Extremely 


16 


Brain  Cerebrospinal  Blood 
Fluid 

Detection  of  Alzheimer's  Disease 


The  bio -barcode  amplification  technology 
can  detect  ADD Ls  in  cerebrospinal  fluid, 
where  the  biomarker  is  present  in  very 
low  concentrations.  Photo  courtesy 
of  Northwestern  University. 


■sing  a novel  bio-barcode  ampli- 
%^fica!ion  (BCA)  technology, 
researchers  from  the  National  Science 
Foundation  (NSF,  www.nsf.gov)  and 
Northwestern  University  (www,  north 
western.edu)  have  detected  a pro- 
tein linked  to  Alzheimer’s  disease  in 
fluid  from  around  the  brain  and 
spinal  cord.  If  proven  successful  in 
further  clinical  studies,  the  proce- 
dure could  become  the  first  tool  for 
early  diagnosis  of  Alzheimer's  and 
the  first  test  to  conclusively  identify 
the  disease  in  living  patients. 
Because  of  the  extreme  sensitivity  of 
the  BCA  process,  the  researchers 
were  able  to  detect  within  each  fluid 
sample  a miniscule  amount  of  pro- 
teins called  amyloid  B-derived  dif- 
fusible ligands  (ADDLs).  The  goal  is 
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to  detect  and  validate  infinitesimal  amounts  of  the  bio- 
markers  in  the  blood. 

In  the  first  steps  of  the  BCA  process,  special  magnet- 
ic microparticles  latch  onto  the  biomarker  targets  (in  this 
study,  the  ADDLs),  Researchers  then  add  a second  ingre- 
dient that  consists  of  a gold  nanoparticle  core  surrounded 
by  hundreds  of  identical  DNA  strands,  which  serve  as 
hundreds  of  bio-barcodes  that  are  detected  at  the  end  of 
the  test. 

Ultimately,  the  gold  DMA  particles  and  magnetic  parti- 
cles sandwich  the  biomarker  targets.  A magnet  separates 
the  sandwiched  complexes  from  the  rest  of  the  sample. 
After  which,  the  complexes  are  heated  to  release  the  DMA 
bar  codes,  which  are  measured  by  an  extremely  sensitive 
detector. 

Each  DMA  piece  greatly  increases  the  sensitivity  of 
the  test  and  its  potential  to  tell  doctors  that  a patient  car- 
ries the  ADDLs.  Apparently,  BCA  is  about  one  million 
times  more  sensitive  than  the  next  best  thing  — stan- 
dard enzyme-linked  immunoassays  (ELISAs).  BCA 
could  eventually  be  configured  to  detect  hundreds  of 
diseases  simultaneously,  including  AIDS  and  prostate 
cancer. 

Computers  and  Networking 

Tiny  Flash  Memory 


Scientists  at 
Infineon 
Technologies  AG 
have  announced 
construction  of  the 
world's  smallest 
nonvolatile  Flash 
memory  cell, 
measuring  a mere 
20  nm.  Assuming 
that  all  manufac- 
turing-related chal- 
lenges (including 
that  of  the  lithog- 
raphy) can  be 
resolved,  the  development  would  make  nonvolatile  memo- 
ry chips  with  a capacity  of  32  GB  possible  within  a 
few  years. 

Nonvolatile  Flash  memories  are  commonly  used  as 
mass  storage  media  for  devices  such  as  digital  cameras, 
camcorders,  and  USB  sticks.  The  most  advanced  non- 
volatile Flash  memory  devices  available  today  can  perma- 
nently store  one  or  two  bits  of  information  per  memory  cell 
without  a supply  voltage.  Such  memories  have  a feature 
size  of  around  90  nm,  and  significantly  shrinking  this  fea- 
ture size  has  posed  many  problems  because  of  nanoscale 
physical  effects. 

In  particular,  fabricating  20-nm,  Flash  memory  cells 
has  been  considered  nearly  impossible  because  these 

APRIL  2005 


physical  effects  would  make  the  memory  cells  extremely 
unreliable, 

Infineon  researchers  overcame  this  challenge  by  creat- 
ing a three-dimensional  structure  with  a fin  for  the  transis- 
tor that  acts  as  the  heart  of  the  memory  cell.  The  special 
geometry  minimizes  unwanted  effects  and  significantly 
improves  electrostatic  control  compared  to  today’s  flat 
transistors.  Called  a FinFET  (fin  field  effect  transistor),  the 
Infineon  device  stores  the  electrons  that  carry  the  informa- 
tion in  a nitride  layer  that  lies  electrically  isolated  between 
the  silicon  fin  and  the  gate  electrode.  Just  eight  nm  thin, 
the  fin  is  controlled  by  the  20-nm- wide  gate  electrode.  The 
devices  won't  be  commercially  available  for  a few  years, 
but  you  can  check  on  their  progress  at  www. 
infineon.com 

Mac  Mini 

Back  in  days  of  yore  (January  24,  1984,  to  be  specif- 
ic), Apple  (www.apple.com)  introduced  the  original 
Macintosh  with  a price  of  just  under  $2,500,00,  Based  on 
the  Consumer  Price  Index,  this  equals  $4,555.00  in  2005 
currency.  For  that,  you  got  an  8-MHz  processor,  128K 
of  RAM,  no  hard  drive,  and  a built-in  nine-inch 
monitor.  Storage  was  provided  by  a single  3.5-inch  400 K 


DATA  ACQUISITION  INVENTORY  CONTROL 


GOING  WIRELESS 
IS  EASY! 


BLUETOOTH  MODULES  - RS-232 
Low  Cost 
Easy  To  Use 


900  MHz  WIRELESS  RF  MODULES 


Transmitters*  Receivers, Transceivers* 
High  Speed,  Long  Range,  UHf  Modems 
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The  Mac  Mini  h the  smallest  and  cheapest 

Macintosh  ever.  Photo  courtesy  of  B Laptop  bags  define  “where  fashion  meets  function." 

Apple  Computer,  Inc.  B Photo  courtesy  of  Circuit  City. 


floppy  drive* 

As  of  early  this  year,  you  could 
buy  a Mac  Mini,  the  latest  desktop 
model,  for  $499.00  (or  $274*00  in 
1984  dollars),  making  it  the  cheap- 
est Mac  ever  offered*  At  just  two- 
inches  tall  and  a weight  of  less  than 
three  pounds,  it's  also  the  smallest 
On  the  downside,  it  is  powered  by  a 
G4  processor  rather  than  its  G5  big 
brother  and  the  price  doesn’t 
include  a monitor,  keyboard,  or 
mouse* 

Still  you  get  a 1*25  GHz  clock 
rate,  256  MB  of  RAM,  ATI  Radeon 
9200  graphics,  a drive  that  plays 
DVD  movies  and  burns  CDs,  and  a 
40  GB  hard  drive*  For  an  extra  hun- 
dred bucks,  you  can  boost  that  to 
1*42  GHz  and  an  80  GB  drive. 

The  Mini  also  includes  a 56k 
modem,  10/100  base-T  Ethernet, 
and  a built-in  speaker  and  head- 
phone jack.  Furthermore,  it  comes 
with  OS  X and  the  latest  version  of 
iLifeB,  which  includes  i Photo®, 
iMovie®,  iDVD®,  GarageBand®,  and 
iTunes®  digital  music  software.  So,  if 
you  have  been  wanting  a Mac,  but 
balked  at  the  typical  $1,800.00  start- 
ing price,  this  could  be  the  one 
you’ve  been  waiting  for* 

Laptop  Bags  for  Women 

If  you  have  been  losing  sleep 
because  your  laptop  ensemble 
isn’t  chic  enough,  the  Anika  line  of 
bags  and  accessories  sold  by  Circuit 
City  (www.circuitcity.com)  will 
come  to  your  fashion  rescue*  No 
longer  will  friends  and  associates 


sneer  at  your  boring,  black  baggage* 
According  to  a company 
spokesman,  “The  women  of  Circuit 
City  are  a driving  force  behind  the 
Anika  line*  These  associates  saw  a 
need  for  fun,  colorful  laptop  bags 
and  decided  to  take  the  idea  from 
the  drawing  board  to  the  sales  floor*” 
The  company  apparently  has 
noticed  that  37  percent  of  all  laptops 
are  purchased  by  women* 

The  Anika  collection  is  avail- 
able in  six  designs  and  features 
custom  yarn-dyed,  rubber-backed 
fabrics,  splash-proof  zippers,  and 
quilted  linings  to  protect  computers, 
accessories,  and  files*  The  line 
includes  carry-all  bags,  laptop  bags, 
camera  bags,  camcorder  bags, 
CD  wallets,  and  a wheeled 
overnight  case* 

Circuits  and  Devices 

RFID  Vulnerability 
Discovered 

f you  begin  experiencing  inexpli- 
cably high  gasoline 
expenses  or  are  having  your 
car  stolen  every  week  or  so, 
the  problem  may  be  with 
the  radio  frequency  identifi- 
cation (RFID)  system  used 
in  your  car  key  or  oil  com- 
pany payment  tag*  Some 
computer  scientists  at 
Johns  Hopkins  University 
(www Jhu.edu)  and  RSA 
Laboratories  (www.rsasecu 
rity.com/ rsalabs)  recently 
revealed  that  the  encryption 
in  RFID  microchips  in  some 


newer  car  keys  and  wire- 
less payment  tags  may 
not  keep  thieves  at  bay. 

Using  a relatively 
inexpensive  electronic 
device,  criminals  could 
wirelessly  probe  a car 
key  tag  or  payment  tag 
in  close  proximity  and 
then  use  the  information 
obtained  from  the  probe 
to  crack  the  secret 
cryptographic  key  on 
the  tag.  By  obtaining 
this  key,  lawbreakers  could  more 
easily  circumvent  the  auto  theft 
prevention  system  in  that  person’s 
car  or  potentially  charge  their  own 
gasoline  purchases  to  the  tag 
owner's  account* 

Security  verification  is  based 
on  a challenge/ response  protocol 
between  the  key  or  tag  and  the  read- 
er, and  the  researchers  were  able  to 
unravel  the  mathematical  process 
used  in  this  verification.  They  then 
purchased  a commercial  microchip 
costing  less  than  $200*00  and  pro- 
grammed it  to  find  the  secret  key  for 
a gasoline  purchase  tag*  By  linking 
16  such  chips  together,  the  group 
cracked  the  secret  key  in  about  15 
minutes* 

More  than  1 50  million  of  these 
transponders  are  embedded  in 
keys  for  newer  vehicles  built  by  at 
least  three  leading  manufacturers* 
The  transponders  are  also  inside 
more  than  six  million  key  chain 
tags  used  for  wireless  gasoline 
purchases* 
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Guitars  and  Whiskey 


Peavey  s new  line  of  guitars  and  amps 
sports  a jack  Daniel’s  theme.  Photo 
courtesy  of  Peavey  Electronics. 


For  the  guitarist  who  enjoys  Jack 
Daniel’s  (Has  any  guitarist  ever 
not  enjoyed  Jack  Daniel's?),  Peavey 
has  introduced  a new  line  of  instru- 
ments and  amplifiers.  In  the  photo  is 
a single  cutaway  Peavey  Jack 
Daniel's  GSA  electric  guitar,  con- 
structed using  mahogany  for  the 
body  and  neck  and  a solid,  five- 
amp,  quilt-maple  archtop.  Peavey’s 
patented  dual-compression  bridge 
system  creates  a metal-to-metal 
connection  designed  to  provide 
singing  sustain  and  stronger  string 
presence. 

The  guitars  also  feature  ebony 
fretboards,  two  dual-wound,  hum-can- 
celing pick-ups,  chrome  Schaller 
tuners,  and  special  wooden  control 
and  selector  switch  covers  cut  from 
actual  used  Jack  Daniel's  whiskey 
barrels.  For  information  on  this  and 
other  products  in  the  family,  visit 
www.peavey.com 

Incidentally,  we  were  unable  to 
verify  rumors  that  Peavey  has  also 
been  working  on  an  Acapulco  Gold 
product  line  for  decades,  but  the 
designers  just  haven't  made  much 
progress. 

Industry  and  the 
Profession 

2004  PC  Shipments  Up 

According  to  Gartner,  Inc. 

(www.qartner.com),  world- 
wide PC  shipments  increased  in  2004 
by  1 1.8  percent  over  2003,  primarily 
because  of  strong  mobile  PC  sales. 
The  top-five  vendors  were  Dell  (31 
million  units),  Hewlett-Packard  (27.5 
million),  IBM  (10.4  million), 
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Fujitsu/Fujitsu  Siemens  (7.1  million), 
and  Acer  (6.3  million).  The  “others” 
category  totaled  106  million  units 
sold.  Data  include  desktop  PCs, 
mobile  PCs,  and  X86-32  servers. 

Free  Online  Books 

Members  of  the  IEEE  Computer 
Society  now  have  unlimited 


online  access  to  a rotating  collection 
of  300  unabridged  technology  books. 
Subjects  include  enterprise  comput- 
ing, graphics  and  multimedia,  hard- 
ware, networks,  security,  software 
engineering,  and  more. 

Larger  collections  are  also  avail- 
able for  a fee.  For  more  information, 
visit  www.comDuter.orff/book 
shelf  NV 


exfcresspcb.com 
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Personal  Robotics 


by  Mike  Keesling 


Understanding,  Designing,  and  Constructing  Robots  and  Robotic  Systems 

Personal  Robotics 

LEGO  My  ... 


LEGO®  has  become  something 
of  a household  word.  If  you 
grew  up  in  the  50s  or  later, 
you  probably  owned  a set  or  hoped 
to,  in  any  case.  It  is  not  only  a 
part  of  our  culture,  but  also  has 
international  appeal,  LEGO  started 
out  making  small  wooden  toys 
in  the  1930s.  They  slowly  grew, 
adding  plastics  to  their  repertoire  of 
materials. 

After  a fire  burned  their  facilities 
to  the  ground  in  1942,  they  dropped 
their  wooden  line  of  toys  completely, 
focusing  on  plastics  only.  Several 
times  in  their  history,  they  have 
made  leaps  and  bounds  in  the  level 
of  technical  detail  of  their  toys, 
electrifying  them  and  adding  lights, 
culminating  with  their  Mindstorms™ 
line. 

Adding  hundreds  of  different 
technical  parts,  including  switches, 
pneumatics,  light  sensors,  and 
motors,  LEGO  is  really  a great  way 
to  get  into  robotics  and  design  with- 
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out  having  to  cut  or  drill  materials. 
There  are  thousands  of  websites 
out  there  featuring  everything 
from  plotters  to  photographic 
instruments,  all  built  with  LEGO. 
With  so  many  different  projects 
available,  focusing  on  one  is  nearly 
impossible. 

Of  the  nearly  200  LEGO 
Mindstorms  titles  listed  on  ama 
zon.com.  one  caught  my  interest. 
Competitive  Mindstorms , by 
David  J.  Perdue  (ISBN  1-59059- 
375-8),  is  not  only  interesting  and 
well-written,  but  it  turns  out  that  the 
author  was  only  16  when  he 
penned  this  masterful  tome  on 
LEGO  Mindstorms  sumo  combat. 
Given  the  amount  of  passion 
behind  the  works  of  the  young  Mr. 
Perdue,  1 decided  to  look  into  the 
Mindstorms  thing  myself. 

I managed  to  haggle  with  a fel- 
low employee,  trading  an  old  motor- 
boat  engine  for  a slightly  used 
Mindstorms  kit.  My  older  Robotics 


Invention  kit  came  to  me  in  pristine 
condition  with  all  the  bags  intact.  1 
certainly  got  the  better  end  of  the 
deal  on  that  one. 

Following  the  text  was  easy 
and  construction  is  well  laid  out. 
David  has  a good  programming 
style  and  his  code  is  well  comment- 
ed. 1,  too,  agree  with  his  choice  of 
using  “Hot  Quite  C”  as  the  native 
language  of  programming  the 
bricks  is  annoying  at  best,  and  1 
had  to  deal  with  upgrades  and 
such  to  use  my  older  set  with  my 
current  OS. 

Personally,  I found  the  selection 
of  sensors  extremely  limiting.  As 
far  as  the  microcontroller  is  con- 
cerned, I felt  like  my  hands  were 
tied  in  tight  little  knots.  In  all  fair- 
ness, when  I first  started  out  (about 
2,500  years  ago,  it  seems),  this 
would  have  been  a blessing  to  have; 
it  is  just  that  I long  since  grew  past 
this  level  of  sensing  and  control.  1 
played  a bit  with  the  examples,  but 
my  imagination  was  hindered  by 
the  hardware. 

In  all  fairness,  I have  to  men- 
tion that  there  are  a lot  of  after- 
market  capabilities  out  there  for 
sensing.  On  one  website  alone,  1 
found  infrared  rangers  and  rota- 
tion sensors,  as  well  as  books 
on  the  subject  of  hacking  the 
system  to  add  more  sensing 
functionality. 

The  mechanics  themselves 
are  excellent  and  the  selection 
of  parts  is  awesome.  For  a 
beginner,  this  book  and  a 
Mindstorms  kit  will  take  you 
very,  very  far.  For  the  seasoned 
professional,  perhaps  you  will 
find  the  limitations  to  be  a chal- 
lenge or  you  might  choose  to 
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adapt  different  microcon- 
trollers to  the  system. 

Along  these  lines,  I 
would  like  to  show  off  my 
newest  conquest  from 
Charmed  Labs  (www.ehar 
medlabs.comL  the  Xport 
2.0.  The  Xport2*G  is  really  a 
neat  device*  It  takes  the 
power  of  a Gameboy 
Advance,  running  an  ARM 
processor,  and  adds  — of 
all  things  — a Xylinx  field 
programmable  gate  array 
(FPGA). 


Gargantuan-bot Version  BL58. 


Z i p- Ba  m - Bo  t Version  XK2. 


Imagine: 

* 32-bit  ARM  processor  running  at 
16  MHz 

* 256-plus-K  RAM  (several  areas  of 
RAM  for  different  purposes) 

* 240  x 160-pixel  display,  65,000 
colors 

* Five  graphics  modes 

* 1 28  sprites 


and  you  have  a really  innovative 
product 

Unfortunately,  every  silver  cloud 
has  a dark  lining.  The  learning 
curve  on  this  is  going  to  be  steep. 
I am  not  a “software  guy”  by 
trade,  but  the  effort  put  in  will  be 
returned  10  times  over,  no  doubt.  If 


you  are  willing  to  learn  about 
the  Gameboy  architecture,  the 
acclaimed  GCC  compiler,  and 
maybe  a little  something  about 
FPGA  programming,  then  be  pre- 
pared to  impress  yourself. 

The  Xport  2*0  in  itself  is  mind- 
boggling  as  a software  and  firmware 


GET  YOUR  FCC  COMMERCIAL  LICENSE! 


And  if  that  weren’t  enough,  add  the 
Xport’s  capabilities: 

* 1 50,000  logic  gates 

* 64  I/O  lines 

* 4 Mb  of  Flash 

* 16  Mb  of  SDRAM 

* Real-time  operating  system  (RTOS) 

* A/D  converter  wired  to  do  back-EMF 
integration  for  position  control 

For  those  of  you  wondering 
what  to  do  with  an  FPGA,  it  really 
comes  down  to  what  not  to  do  with 
an  FPGA.  What  not  to  do  is  process 
an  analog  signal,  unless  you  digitize 
it  first.  Other  than  that,  the  world  is 
your  digital  oyster.  Take  any  digital 
module  from  just  about  any  micro- 
controller and,  basically,  there  is 
something  that  can  be  done:  hard- 
ware serial  ports,  PWM  modules, 
quadrature  encoder  readers  (or 
generators),  high-speed  buffered 
serial  ports.  With  64  I/O  lines,  1 can 
run  more  servos  than  1 can  afford 
and  still  have  I/O  lines  available  to 
build  a serial  port*  Add  to  that  a 
seductive  LCD  display,  good  sound 
quality  on  the  Gameboy  Advance 
(Gameboy  Advance  SP  is  backlit!), 
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No  costly  school*  No  commuting  to 
class.  The  Original  Home-Study  course 
prepares  you  to  be  an  "FCC  Commercial 
Licensed  Technician'1  at  home  m your 
spare  time!  You  don't  need  a college 
degree  to  qualify,  but  you  do  need  an 
FCC  License.  No  need  to  quit  your  job 
or  go  to  school.  This  proven  course  is 
easy,  fast  and  low  cost! 

No  previous  experience  needed! 


This  valuable  license  is  your  "ticket" 
to  thousands  of  exciting  jabs  in; 

* Communications 

* Radio -TV 

* Broadcasting 

* Avionics 

* Radar 

* Maritime 

* and  more...even  start 
your  own  business! 


GUARANTEED  TO  PASS 
You  get  your  FCC  License  or  your  money  refunded. 


Get  your  FREE  facts  now.  Call  Today! 

800-932-4268  Ext.  102 

or  go  online  at 

www.LicenseTraining.com 

COMMAND  PRODUCTIONS  • FCC  License  Training 
P.O.  Box  3000  • Sausalilo,  CA  94966-3000 
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tool,  but  — when  combined  with 
LEGOs  — it  enables  software-orient- 
ed people  to  build  really  cool  hard- 
ware and  lets  hardware  gurus  make 
their  creations  animated  to  the  nth 
degree*  If  you  are  a strict  mechani- 
cal guy,  this  may  not  be  a match 
for  you,  unless  you  are  willing  to 
stay  within  the  scope  of  the  demos 
supplied. 

My  personal  Mindstorms  battle 
plan  is  four  pronged.  1 am  looking 
at  building  my  own  sensor  bricks*  I 
am  learning  the  Gameboy  Advance 


and  re-learning  C;  eventually;  I will 
tackle  the  FPGAs.  To  get  me  going, 
1 am  working  with  my  PlugaPod 
from  NewMicros,  Inc*,  building  a 
small  board  with  a couple  of  Id- 
bridges  on  it,  along  with  a carrier  for 
the  unit* 

I am  also  re-evaluating  my  tur- 
tles and  shrimps  idea  from  a few 
columns  ago*  I have  found  a soft- 
ware genius  named  Scott  Settembre 
who  is  helping  me  with  the  code.  My 
original  battle  plan  was  to  laser  cut 
everything,  but  now  1 think  I will 


be  using  a PlugaPod 
board  I built  with  dual 
H-bridges  and  LEGO 
Mindstorms. 

Just  as  a quick 
overview,  the  idea  is  to 
simulate  an  evolving 
program  on  a PC  and 
then,  every  time  a gen- 
eration meets  a certain 
level  of  ability,  it  is 
uploaded  to  a few 
dozen  robots  that  act 
out  the  generated  code* 
Rather  than  having  a 
slick,  3-D  rendered  dis- 
play, we  will  have  an 
arena  of  little  LEGO 
bots  looking  for  food  in 
the  form  of  colored  disks,  picking 
them  up,  reading  the  data  on  them, 
digesting,  and  finally  excreting  the 
disks  upside  down,  revealing  a differ- 
ent color  pattern. 

This  will  require  attractive,  robust 
mechanisms  that  are  capable  of  a 
reasonable  degree  of  mechanical 
complexity.  Adding  LEGO  to  the  mix 
will  produce  an  air  of  familiarity  and, 
hopefully,  an  air  of  magic. 

Another  interesting  aspect  of 
LEGO  is  the  CAD  software  that  is 
available  for  it*  LDraw,  available  from 
www,ldraw,org  and  combined  with 
more  advanced  graphical  user  inter- 
face (GUI)  “wrappers"  that  they  link 
to  off  the  site,  provide  you  with  a real- 
ly nifty  CAD  setup. 

Some  of  these  “wrappers"  will 
even  export  to  POV  Ray  or  other  third- 
party  Tenderers  for  some  truly  stun- 
ning graphics*  There  is  an  all-inclu- 
sive download  that  includes  the  most 
popular  tools  available  at  www. 
ldraw,org/modules,php?op=mod 
loadSname=News&file=article&si 
d-104 

Overall,  1 have  to  say  that  my 
experience  with  the  Mindstorms 
products  has  been  pleasing,  but  1 
won’t  be  shelving  my  laser  cut  parts 
just  yet*  1 will  be  bonding  my  cre- 
ations with  some  sort  of  glue  and,  as 
much  as  it  breaks  my  heart,  it  is  a 
necessary  thing  to  keep  them  from 
falling  apart.  NV 
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Need  Device  Connectivity 


To  The  Pervasive  Internet? 


Save  Money,  Save  Time , Use  The  PowerCore 


"Based  on  experience,  I can  tell  you 
that  Rabbit  stuff  works  before  you 
can  get  it  all  out  of  the  box." 

-Fred  Eady,  Circuit  Cellar 


The  Core  of  your  Embedded  System 

The  PowerCore  FLEX  is  a complete  Rabbit  microprocessor  system 
with  optional  features  such  as  a power  supply,  Ethernet,  and  a low- 
cost  rugged  A/D  system.  It  plugs  into  a motherboard  you  design. 
You  pay  only  for  the  options  you  need,  and  we  quickly  manufacture 
it.  Development  Kits  include  a powerful  software  development 


From 


sAq  Pay  Only  For 
qtTsQoo  What  You  Need 


platform  and  extensive  libraries. 


Network  and  Internet  Support 

Your  embedded  device  can  network  and  serve 
web  pages.  Hardware  and  software  supports 
Ethernet,  Wi-Fi,  and  cellular  telephone  data 
networks.TCP/IP  and  most  associated  protocols  are  included 
in  the  Development  Kit,  SSL  secure  server  software  and  other 
premium  software  modules  are  available  at  a nominal  cost.  With  the 
implementation  of  optional  software  modules  such  as  Rabbit  Web, 
SSL,  PP Rand  AES, you  can  securely  and  conveniently  communicate 
with  your  embedded  device  from  anywhere  in  the  world 


Development  Kit  Includes 

* A loaded  PowerCore  FLEX  with 
all  options  or  non-Ethernet 
low-end  version 

* Prototyping  board  with 
development  area. 

* Documentation  on  CD. 


Kits  From 


* Dynamic  C integrated  development  environment, 

* Serial  cable,  power  supply, and  more. 


Configurable  Features 

* Microprocessor  Speed 

* On-Board  Power  Supply 

* SRAM /Flash 

* Serial  Data  Flash 

* Ethernet  Option 

* A/D  Converter  System 

* Battery-Backed  SRAM 

Standard  Features 

* 39  General  Purpose  I/O 

* 5 Serial  Ports 

* Real-Time  Clock 

* Watchdog /Supervisor 

* Pervtfs/Ve  Internet:  Embedded 
devices  providing  internet 
connectivity  for  commercial 
and  industrial  applications.  Learn 
more  at  wwwxabbitflexxom 


RABBIT. 

Semiconductor  ^ 

2932  Spafford  Street,  Davisr  CA  95616 

Tel  530.757*840© 


Circle  #3?  on  the  Reader  Service  Card. 
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Electronics  Q&A 


In  this  column,  I answer 
questions  about  all  aspects 
of  electronics,  including 
computer  hardware, 
software,  circuits,  electronic 
theory,  troubleshooting,  and 
anything  else  of  interest  to 
the  hobbyist 

Feel  free  to  participate 
with  your  questions,  com- 
ments and  suggestions. 

You  can  reach  me  at: 
TpBYERS@aol.com 

What's  Up: 

Extending  relay 

contact  life.  A 20 

watt  stereo  amp 

using  two  chips. 

Model  RR  goodies. 

And  a geography 

brain  teaser. 
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Relay  Contact  Life 

Q1  am  using  a DPDT  relay  to  con- 
trol a 90-volt  DC  motor  that  pulls 
1,5  amps  under  full  load.  The  relay 
contacts  are  rated  for  10  amps  at 
240  VAC,  The  problem  is  that  the 
contacts  have  welded  shut.  From 
ancient  memories,  I dredged  up  the 
idea  that  I’d  seen  a capacitor  used 
across  contacts  to  reduce  the  arcing. 
I’ve  been  through  most  of  my  old 
electrical  engineering  resources 
and  found  almost  nothing  relating  to 
this  idea. 

To  calculate  what  I needed,  I dug 
out  the  formula  that  I = C dv/dt. 
Assuming  the  voltage  change  (dv)  is 
90  volts,  the  time  (dt)  is  1 mS,  and 
the  current  is  1,5  amps,  I come  up 
with  the  equation  that  C (capacitance 
I need)  = 0,001(1,5/90)  or  roughly 
1,6  pF  to  adequately  absorb  the 
spark,  1 connected  a 2,2-pF,  250-volt 
cap  across  the  points  and  it  seems  to 
be  running  smoothly.  My  question  is, 
am  1 even  close? 

Greg  Smith 
via  Internet 

A You  arrived  at  the  right  answer  in 
a roundabout  way  — and  by  an 
error  in  your  math.  The  answer  to 
your  equation  is  actually  16  pF,  not 


Contacts 


Figure  I 


Arc  Suppression 


1 ,6  pF,  yet  1 ,6  jiF  is  the  correct  value* 
The  rule  of  thumb  for  this  method  is 
0,5  to  1 .0  pF  per  amp.  In  your  case, 
1,5  amps  works  out  to  be  1,5  pF  — 
very  close  to  your  1,6  uF  “calcula- 
tion,” You  were  correct,  though,  in 
selecting  a 250-volt  capacitor  for  the 
application.  The  thumb  rule  says  200 
to  300  volts. 

However,  there  is  a caution  when 
using  this  method.  As  the  capaci- 
tance increases,  so  does  the  charge 
and  amount  of  stored  energy  that’s  in 
the  capacitor*  This  is  energy  and  cur- 
rent that  must  be  discharged  through 
the  contacts  — at  the  rate  of  I = C 
dv/dt,  when  they  close,  (See  where 
your  formula  comes  into  play?) 

This  current  surge  may  be 
enough  to  weld  the  contacts  and  actu- 
ally countermand  your  solution.  The 
ideal  way  to  suppress  the  arc  without 
risking  contact  damage  on  subse- 
quent closure  is  to  add  a resistor  in 
series  with  the  capacitor,  as  shown  in 
Figure  1,  The  value  of  the  resistor  is 
typically  0,5  to  1,0  ohms  per  volt  — 
about  50  ohms,  in  your  case.  So  the 
no-math  rule  is  1 pF  per  amp  and  0,5 
ohms  per  volt. 

To  express  it  mathematically, 
we  need  nothing  more  than  Ohm’s 
Law  and  a capacitor  charge  formula. 
When  the  points  separate  (break), 
the  current  flow  wants  to  keep  flow- 
ing, and  it  will  do  so  by  striking  an 
arc.  The  criteria  for  creating  and 
sustaining  an  arc  is  complex,  but 
suffice  it  to  say  that,  once  an  arc  is 
struck,  the  harder  it  is  to  extinguish 
because  it  creates  its  own  self-sus- 
taining environment  — much  like  a 
forest  fire  creates  its  own  winds  to 
feed  itself. 

The  conditions  required  to  initiate 
an  arc  depend  on  the  voltage  across 
the  opening  contacts  (gap)  and  the 
current  at  the  time.  Now,  if  we  place  a 
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capacitor  across  the  contacts,  the 
cap  acts  like  a short  circuit  when  the 
contacts  open.  At  this  point,  the  cap 
begins  to  charge  using  the  formula  t = 
RC,  where  R can  be  calculated  from  R 
= E/1,  E being  the  voltage  across  the 
points  and  1 being  the  current  flowing 
at  the  time  of  the  break. 

If  we  can  balance  the  charging 
time  of  the  capacitor  with  the  time  it 
takes  for  the  contacts  to  open  wide 
enough  that  the  voltage  can’t  jump 
the  gap,  the  arc  is  suppressed. 
Typically,  this  is  0.1  mS  for  a frame 
relay  of  the  type  you  describe. 
Plugging  these  values  into  our  equa- 
tions, we  get  R = 90  volts/ 1*5  amps  = 
60  ohms*  Calculating  for  capaci- 
tance, we  get  C = t/R  = 0.0001/60  = 
1*67  pF, 

If  you’re  trying  to  figure  out  the 
mathematics  for  an  AC  voltage  sup- 
pressor, forget  it.  A sine  wave  is  self- 
extinguishing  because  it  crosses 
zero.  That  is,  two  times  every  cycle, 
the  voltage  across  the  contacts  is 
zero  as  the  voltage  reverses  itself 
from  positive  to  negative.  It’s  very 
hard  to  maintain  an  arc  under  these 
conditions  — as  many  a welder  will 
attest  to. 

EMF  Suppression 


Relay 

Coll 


Relay 

Coil 


Figure  2 


EMF  Suppression 


same  happens  across  the 
relay  contact  when  connect- 
ed to  an  inductive  — like  a 
motor  described  in  the  ques- 
tion “Relay  Contact  Life"  — 
where  this  creates  contact 
arcing.  This  is  energy  that 
must  be  dissipated  somehow* 

A diode  placed  across 
the  inductor  (or  contacts)  will 
conduct  when  the  magnetic 
field  collapses  and  will  effectively 
short  circuit  the  voltage*  The  decision 
whether  to  use  a diode  or  not 
depends  on  the  voltages  and  currents 
involved,  A coil  with  higher  induc- 
tance, like  a frame  relay,  will  store 
more  energy  — both  voltage  and  cur- 
rent — than  will  a small  coil,  like  a 
reed  relay.  As  a rule  of 
thumb,  a diode  should 
always  be  included  — but 
other  factors  have  to  be 
considered,  not  the  least  of 
which  is  space.  If  the  relay 
is  small,  space  is  limited, 
and  Vcc  is  low,  1 often  omit 
the  diode* 

Also,  placing  a diode 
across  the  inductor  causes 
current  to  flow  longer  and 
lengthens  the  hold-in  time 
of  the  relay.  This  is  unac- 


ceptable for  some  applications.  By 
inserting  a zener  diode  in  series  with 
the  rectifier,  hold-time  is  greatly 
reduced.  This  is  because  the  diodes 
can’t  conduct  until  the  reverse  voltage 
exceeds  the  zener  voltage,  plus 
0.7  volts. 

In  some  circuits,  the  diode(s)  can 


QHow  come  you  sometimes  put  a 
diode  backward  across  the  relay 
contacts  and  other  times  you  don’t?  1 
have  read  that  the  diode  is  a must. 
What’s  the  real  story? 

Hike  Edwards 
Los  Angeles,  CA 

A I think  you’re  talking  about  put- 
ting the  diode  across  the  relay 
coil,  not  the  contacts,  but  they  are 
both  one  and  the  same.  When  the 
current  flow  through  an  inductor  — or 
coil  — is  interrupted,  a high  voltage  in 
the  reverse  direction  is  generated  by 
the  collapsing  magnetic  field.  This 
voltage  can  be  as  high  as  10  times 
the  Vcc  source  voltage. 

If  the  coil  is  connected  to  a tran- 
sistor or  other  semiconductor,  the 
back  EMF  (as  it’s  called)  can  be  high 
enough  to  destroy  the  device.  The 
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and  triacs. 


Needs  Stereo 
Chips 


^^1  w°uld  like  to  find  an 
^^inexpensive  preamp  or 
integrated  amp  (20  watts  or 
so)  to  place  in  a really  nice 
cabinet  that  matches  some 
other  equipment  I need  one 
that  has  volume,  bass,  tre- 
ble, and  balance.  They  can 
be  separate  modules  from  a 
number  of  companies*  It 
seems  to  me  that  there  used 
to  be  a lot  of  these  things 
around  in  kit  form,  but 
several  hours  of  surfing  on 
the  Web  proved  fruitless. 
Tm  willing  to  build  it  from 
scratch  using  transistors 
or  ICs, 


be  replaced  with  a metal-oxide  resis- 
tor (MOV),  An  MOV  behaves  like 
back-to-back  zeners  and  can  be  used 
in  both  DC  and  AC  circuits  (see 
Figure  2).  The  choice  usually  boils 
down  to  available  space  and  cost. 
An  ideal  suppression  voltage  is  10 
volts;  that  is,  the  back  EMF  should 


be  held  at  10  volts,  with  15  volts  as 
an  upper  limit. 

In  addition  to  arc  suppression 
across  relay  contacts  is  the  mini- 
mization of  electromagnetic  interfer- 
ence (EMI).  EMI  can  wreck  havoc 
with  RF  communications  and  spark 
the  turn-on  of  logic  gates,  SCRs, 


Bruce  Brown 
via  Internet 

A National  Semiconductor  makes 
a nice  line  of  power  amp  ICs 
called  the  Overture  series.  They 
range  in  power  from  20  to  60  watts 
and  are  housed  in  multi-pin  TO-220 
plastic  packages.  The  ampli- 
fiers are  safeguarded  at  the 
output  against  overvoltage, 
under  voltage,  overloads,  ther- 
mal runaway,  and  instanta- 
neous temperature  peaks. 
The  LM1876  matches  your 
request  for  a power  amp. 
Figure  3 shows  the  schematic 
for  the  power  amp  section. 

An  LM1036  audio  pre- 
amp — also  from  National 
Semiconductor  — provides 
tone,  volume,  and  balance. 
Figure  4 shows  the  schematic 
for  the  preamp  section,  A 
loudness  switch  has  been 
included  to  modify  the  fre- 
quency curve  as  the  volume 
level  is  changed.  Notice  that 
the  bass  and  treble  controls 
act  on  both  channels.  If  you 
want  separate  tone  controls 
for  each  channel,  you  will 
need  two  LM1036  chips, 
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using  one  channel  from  each  chip  for 
your  stereo  preamp.  The  “spare” 
channels  can  be  used  for  rear  speak- 
ers, if  you  wish* 

The  power  amp  requires  a +12- 
volt  and  a -12-volt  power  supply  — 
both  able  to  supply  four  amps  of 
peak  current  — about  three  amps 
average  if  you  use  a hefty  output 
capacitor  to  absorb  the  peak.  A typi- 
cal power  supply  can  be  built  using 
LM350  and  LM333  voltage  regula- 
tors. Although  the  preamp  also  runs 
off  +12  volts,  it  should  have  its  own 
power  supply  separate  from  that  of 
the  power  amp.  An  LM78L12  voltage 
regulator  will  provide  this. 

Un-Solder  Solder 


Ql  want  to  remove  and  replace  a 
120-pin  1C,  but  my  30  watt  pencil- 
type  iron  tends  to  cause  damage  to 
the  circuit  board  and  the  solder  flows 
between  the  leads.  How  does  the 
manufacturer  solder  all  the  small  sur- 
face mount  parts  with  such  preci- 
sion? What  type  of  de-soldering 
equipment  should  I use? 

Dave 
Reno,  NV 


A The  manufacturer  uses  a tech- 
nique called  “reflow  soldering”  to 
attach  the  component  to  the  printed 
circuit  board.  It  begins  by  putting  a 
dab  of  tacky  reflow  solder  on  the 
pads  of  the  circuit  board.  The  compo- 
nent is  then  placed  on  the  pads, 
where  it  is  held  in  place  with  the  sol- 
der paste*  After  all  the  parts  are  in 
place,  the  board  is  sent  through  a 
“hot  box”  with  a temperature  that 
melts  the  solder  and  makes  the  elec- 
trical connections. 

To  unsolder  the  part,  they  often 
use  a reverse  process  of  heating  the 
selected  component  and  its  pads  to 
about  350  degrees  F for  10  seconds 
and  then  lifting  it  off.  Of  course,  this 
is  way  beyond  the  means  (as  in 
money)  of  the  hobbyist*  On  a smaller 
scale,  the  component  can  be 
removed  using  a special  solder  tip 
that  heats  all  the  pads  at  once  and 
lifts  the  part  off  the  board.  This,  too, 
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is  expensive  — plus,  each  footprint 
requires  a different  tip* 

The  hobbyist  solution  is  some- 
thing called  ChipQuik,  a low-temper- 
ature solder  that  replaces  the  solder 
holding  the  chip  to  the  board. 
ChipQuik  solder  has  a low  melting 
temperature  and  is  very  brittle  — 
meaning  it  crumbles  easily.  You  can 
buy  it  from  most  electronic  supply 
houses,  including  Jameco  (800- 
831-4242;  www.lameco.com).  Get 
a free  sample  at  www.chipquik. 
com 

Model  RR  Sounds 

Ql  recently  built  the  LED  Flasher 
from  the  September  2003  issue 
and  would  now  like  to  add  the  sound 
of  a railroad  crossing  in  sync  with  the 
flashing  LEDs.  Any  ideas? 

Oscar  Moon  Jr 
via  Internet 

A The  simple  answer  is  to  use  the 
output  of  the  LED  Flasher  to  trig- 
ger a one-shot  555  circuit  to  sound  a 
crossing  bell.  Search  through  the 
RadioShack  catalog  (www. radio 
shack.com)  for  a buzzer  with  a 
sound  that  pleases  you.  The  clinker  is 
that  the  555  is  negative-going  trig- 
gered. That  is,  Pin  2 must  be  pulled  to 
ground  to  start  the  timer.  That  means, 
if  we  tap  off,  the  output  of  the  LED 
FJasher  would  chime  half  the  time, 
skipping  the  positive-going  voltage 
excursion. 

This  is  easily  solved  by  inserting 
an  inverter  in  the  output  and  sum- 
ming the  two  through  0.01  capaci- 
tors* I said  an  inverter,  right?  So  how 
come  the  schematic  (Figure  5)  shows 
three  NOR  gates?  This  is  to  put  a 
small  delay  in  the  outputs  of  the 
inverters  so  that  the  capacitor  signals 
don’t  cancel  each  other  as  one  is 
going  positive  and  the  other  is  going 
negative.  I used  a series  of  NOR  gates 
rather  than  a string  of  inverters 
because  they  have  more  propagation 
time  and  better  triggering.  If  you 
experience  timing  problems,  add 
more  gates,  but  just  make  sure  the 
count  is  always  odd. 
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Model  RR 
Lighthouse 

Ql  saw  a circuit  that  would  vary 
the  voltage  across  a lamp  to 
simulate  the  beacon  of  a model  light- 
house, but  I can't  seem  to  find  it  in 
my  large  stack  of  Nuts&Volts  (I  go 
back  to  1994)*  Can  you  point  me  in 
the  right  direction? 

Bob  J* 
via  Internet 

A My  stack  is  just  as  large  as  yours 
and  I couldn't  find  the  exact  cir- 
cuit you're  talking  about,  either.  So 
let  me  give  you  a new  one.  In  the 
past,  the  model  for  the  lighthouse 
light  has  been  a triangular  wave  form 
across  a lamp  that  slowly  brightens, 
then  dims  to  off.  Well,  that’s  not 
exactly  the  way  a lighthouse  light 
works.  At  the  top  of  the  tower  is  a 
very  bright  light  that  is  focused  with 
a fresnel  lens  to  form  a beam  that 
stretches  out  over  the  ocean,  sea,  or 
bay.  So  what  the  mariner  sees  is  a 
bright  light  ray  emanating  from  a 


dimmer  source.  This 
beam  is  often  rotated  or 
modulated  in  Morse  code 
fashion  to  identify  the 
lighthouse.  Whichever 
means  you  use,  the  light- 
house will  seldom  look 
like  the  slow-on,  slow-off 
most  models  represent. 
Figure  6 shows  a circuit 
that  more  closely  mimics 
a light  house  of  the  early 
1900s. 

In  this  design,  two 
voltages  are  used  to 
control  the  brightness  of 
an  LED,  The  first  is  a rising  voltage 
developed  by  a sawtooth  generator. 
This  voltage  is  developed  by  charg- 
ing a 6.8-gF  capacitor  through  a 
470K  resistor.  At  a voltage  set  by 
the  2 N 602 7 programmable  uni- 
junction transistor  (POT),  the 
capacitor  discharges  through  the 
20-ohm  resistor  until  its  charge  is 
drained,  at  which  point,  the  cycle 
begins  anew. 

One  of  the  op-amps  is  a voltage 
follower  that  provides  increasing 
brightness  to  the  LED  as  the  capaci- 
tor charges.  The  second  op-amp  is 
used  as  a comparator  whose  output 
goes  high  when  the  input  voltage 
exceeds  a level  set  by  the  I OK  pot. 
What  you  get  is  a slowly  increasing 
brightness  of  the  light,  followed  by  a 
bright  flash  — as  would  happen  if  the 
light  beam  were  to  pass  your  line  of 
sight.  The  duration  of  the  bright  flash 
is  controlled  by  the  10K  pot.  The 
LED  then  goes  dark  and  the  ‘"sweep” 
begins  again. 

Needs  LASCR 


around  somewhere* 

Tom  Allston 
AmanllOjTX 

A Yep,  the  LASCR  has  gone  the 
way  of  the  dodo  bird,  woolly 
mammoth,  and  Richfield  gas  station. 
Fortunately,  it's  easy  to  make  one 
using  a photovoltaic  cell  or  photore- 
sistor. Check  out  Figure  7 for  this  dis- 
cussion, In  schematic  (b),  a photore- 
sistor reacts  to  light  and  decreases 
its  resistance  as  the  intensity  of  the 
light  increases.  The  sensor  should 
have  a dark  resistance  of  greater 
than  one  megohm  and  a light  resist- 
ance of  about  one  kilohm. 

Schematic  (a)  uses  a photo- 
voltaic array  to  generate  enough  volt- 
age and  current  to  trigger  the  SCR. 
These  cells  can  be  salvaged  from  a 
solar-powered  calculator*  This 
method  is  best  used  with  sensitive- 
gate  SCRs,  and  both  methods  have 
an  advantage  over  a phototransistor 
in  that  they  are  insensitive  to  the 
SCR  working  voltage. 

Easy  Split 

^^1  am  interested  in  taking  the 
%^eight-ohm  external  speaker  out- 
put (monaural)  from  my  I com  radio 
and  connecting  it  to  the  stereo  (both 
channels)  line  input  on  my  powered 
computer  speakers.  It’s  easy  to  just 
use  a jumper  cable,  but  there  is  a 
level  and  impedance  mismatch.  All 
1 can  come  up  with  is  a 1:1  isolation 
transformer  and  two  10K  resistors 
to  split  the  signal.  Is  there  a better 
way? 

Paul  Frankie 
via  Internet 


Figure  7 
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QDo  you  have  any 
idea  where  I could 
find  light-activated  sili- 
con-controlled recti- 
fiers? I have  been  trying 
to  find  a source  with  no 
success.  I know  it's  an 
elderly  component  — 
probably  no  longer  in 
production  — but  surely 
there  are  some  left 


A This  is  really  simpler  than  you 
think.  Most  powered  PC  speak- 
ers have  an  input  resistance  of  about 
18  ohms  and  require  400  mV  for  full 
volume  output.  What  I’ve  done  in  the 
past  is  use  this  low-input  impedance 
to  my  advantage  by  padding  down 
the  output  of  the  receiver  with  100 
ohm  resistors  (Figure  8),  To  realize 
the  full  benefit  of  the  new  speakers, 
you  may  wish  to  experiment  with  the 
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phasing  of  the  speakers  by  reversing 
the  polarity  of  one  speaker  — 
exchange  the  wires  on  the  speaker 
itself  — for  maximum  clarity  and 
volume* 


heat  the  resistor  must  tolerate* 
Energy  is  integral  of  power  with 
respect  to  time* 

Tom  Barton 
via  Internet 


MAILBAG 

Dear  TJ, 

In  your  January  2005  Mailbag, 
Charles  Geillker  wrote  to  correct  you 
concerning  “putting  12  amps 
through  a one-ohm  resistor”  to  pro- 
duce 144  watts,  as  opposed  to  10 
watts*  He  is,  of  course,  correct*  Your 
comment  “It's  called  duty  cycle” 
seemed  a bit  condescending*  What  is 
really  going  on  is  that  the  energy 
being  absorbed  by  the  resistor  is  a 
function  of  both  the  power  (watts) 
and  the  duty  cycle  (time)*  The  10- 
watt  resistor  may  be  just  fine  at  the 
proposed  duty  cycle,  but  it’s  still  dissi- 
pating 144  watts  while  the  current  is 
applied*  The  energy  is  the  amount  of 


Dear  TJ, 

I noticed  that  I am  constantly 
scanning  your  magazine  for  new 
chips  (that  is,  new  to  me)  and  it 
crossed  my  mind  that  1 could  ask  you 
to  make  a practice  of  pointing  out 
“neat”  chips*  Please  feel  free  to 


Figure  8 
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exhort  your  latest  or  favorite  discover- 
ies in  the  integrated  chip  area,  even  if 
you  don’t  have  a project  to  go  with 
them  at  the  moment* 

Chuck 
via  Internet 

Cool  Websites! 

Got  a beef  with  your  bank,  but  can  t 
get  past  the  voice  mail?  Here’s  how 
to  bypass  the  menus  and  get  to  a 
live  person* 

www.  q u ick  bas  e.com/  db/  85  vq  h z4a  ?a 
sq&qicH5 

Think  you  know  the  states  of  the  union? 
Take  this  third-grade  test  and  prepare 
to  be  surprised. Thanks,  Steve! 

http://snipurl,com/map  test 

Here's  a more  sophisticated  — and 
challenging  — geography  mapping  test. 

http://snipurLcom/maptest 
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The  Design  Cycle 


by  Peter  Best 


Advanced  Techniques  for  Design  Engineers 

The  Design  Cycle 

A PIC-based  Wi-Fi  Development  Platform 


Does  that  new  laptop  of  yours 
have  built-in  wireless 
Ethernet  local  area  network 
(LAM)  capability?  How  about  that 
newr  portable  digital  assistant  (PDA) 
you  just  purchased?  Does  it  have 
wireless  Ethernet  LAM  capability, 
too?  It  seems  that  everything  these 
days  is  wireless  — except  the  things 
that  you  really  want  to  be  wireless* 
WeVe  all  come  to  take  cell 
phones  for  granted  and  wireless 
hand  held  email  devices  are  becom- 
ing more  prevalent.  The  problem  is 
that  there  is  nothing  commercially 
available  to  easily  and  inexpensively 
enable  the  unique  microcontroller- 
based  gadgets  that  we  all  build 
for  ourselves  to  work  on  a wireless 
network. 

For  instance,  wouldn’t  it  be  cool 
to  have  wireless  LAM  communica- 
tions functionality  built  into  your 
model  railroad  system?  How  about 
little  wireless  802,1  I b nodes  all  over 
the  place  in  your  home,  monitoring 
and  control linq  whatever  vou  want 


them  to  under  the  ultimate  control  of 
your  wireless  laptop  or  Ethernet- 
capable  desktop? 

A universal  serial  bus  (USB)  is  a 
beautiful  thing,  but  aren’t  you  tired  of 
running  communications  cables 
between  your  personal  computer 
serial,  USB,  and  Ethernet  ports  and 
your  supposed  “remote-controlled” 
gadgets?  Imagine  if  you  could  use 
wireless  LAM  technology  to  control 
and  monitor  one  of  your  gadgets 
remotely  from  that  wireless  LAM- 
equipped  laptop  you  ow  n or  from  the 
hard  wired  desktop  computer  in  the 
den.  Dreams  do  come  true  because, 
in  this  month’s  column,  I'm  going  to 
give  you  all  of  the  tools  necessary  to 
incorporate  802,11b  wireless  tech- 
nology into  your  next  Programmable 
Interrupt  Controller  (PIC)  project, 

AirDrop-P 

So,  let’s  begin  by  designing  and 
fabricating  some  basic  PIC-based 
802. 1 lb  hardware.  Our  802, 1 lb  wire- 
less LAM  discussion  will  be 
based  on  the  AirDrop-P 
hardware  you  see  in  Figure 
1,  The  “P”  in  AirDrop-P 
stands  for  PIC,  and  it  is  a 
very  simple  device  that  is 
based  on  one  of  Microchip’s 
high-pin-count  PICs,  the 
PIC  1 8LF862 1 , 

Mot  only  does  the 
PIC  1 8LF862 1 have  lots  of 
available  in  put/  output 
(I/O),  it  is  loaded  with  stat- 
ic random  access  memory 
(SRAM)  and  program 
Flash  to  boot.  The 
PIC  1 8LF862 1 is  composed 
of  64 K of  program  Flash 
and  a little  over  three  kilo- 


bytes of  SRAM.  If  you  need  EEPROM 
area,  the  PIC18LF8621  is  equipped 
with  one  kilobyte  of  on-chip  EEP- 
ROM, There  are  69  I/O  lines,  a 10-bit 
analog-to-digital  converter,  two 
enhanced  USARTs,  five  timers,  an 
SP1  module,  and  an  12C  module  on- 
chip,  That's  more  than  enough 
resources  needed  to  bring  our 
AirDrop-P  to  life  on  a wireless  LAM* 
Follow  along  with  Figure  2 as  I 
describe  the  AirDrop-P  hardware 
design* 

Let’s  start  writh  the  power  supply. 
There’s  nothing  here  you  haven’t  seen 
before.  A Mat  ion  a I Semiconductor 
LM1086CS3.3  linear  regulator  sup- 
plies the  3.3-volt  power  rail  for  the 
802,1  lb  radio,  the  Sipex  SP3232  RS- 
232  converter,  and  the  PIC18LF8621 
microcontroller.  Any  six-to-nine-VDC, 
center-positive  wall  wart  that  can 
deliver  400  mA  is  suitable  for  power- 
ing the  AirDrop-P.  An  industry  stan- 
dard switching  diode  (D2)  makes 
sure  that  negative-center  power 
bricks  won’t  destroy  the  AirDrop-P 
circuitry  with  reverse  polarity  powder. 
Filtering  the  AirDrop-P’s  3.3-volt 
power  supply  is  simple  and  is  done 
writh  a couple  of  10-pF  tantalum 
capacitors. 

A standard  RS-232  serial  port  is 
provided  by  the  inclusion  of  the  3.3- 
volt  Sipex  SP3232  RS-232  converter. 
Capacitors  C4  through  C7  enable  the 
SP3232Ts  on-chip  charge  pump 
while  G8  is  a standard  power  supply 
bypass  capacitor  for  the  SP3232* 
The  SP3232  is  capable  of  driving  two 
pairs  of  RS-232  transmit  and  receive 
lines*  Just  in  case  handshaking  is 
desired,  the  second  pair  of  transmit 
and  receive  lines  is  dedicated  to 
RTS/CTS  handshaking  duty*  The 
AirDrop-P’s  RS-232  nine-pin  D-shell 
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Figure  l . Everything  you  need  to  succeed  with 
802.1  I b is  on  this  board.  The  802. 1 lb  AirDrop-P 
hardware  is  simple  and  straightforward,  and  the 
firmware  support  is  growing  day  by  day.  You  don’t  need 
any  special  tools  to  make  the  Air  Drop  function.  All  you 
need  are  the  basic  Microchip  support  tools  for  the 
PICI8LF862I, an  MPIAB  ICD2fand  a PIC  C-compsler. 
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connector  is  wired  as  data  communi- 
cations equipment  (DCE)  to  elimi- 
nate the  need  for  a crossover  serial 
cable  or  null  modem  when  connect- 
ing to  data  terminal  equipment 
(DTE)  devices  like  your  personal 
computer's  serial  ports. 

You  may  wonder  why  a serial 
port  would  be  something  necessary 
to  have  on  an  802.11b  wireless 
device.  Well,  it’s  not  really  necessary, 
but  it  was  great  to  have  when  1 was 
writing  and  debugging  the  802.11b 
driver  code.  It’s  a nice  luxury  to  have 
when  you  want  to  mark  places  in  the 
code  that  “talk  back"  using  the  serial 
port  during  normal  802.1  1b  wireless 
operation.  It's  also  good  to  have  seri- 
al ports  wrhen  writing  columns  like 
this,  as  you  can  dump  data  to  a termi- 


nal emulator  and  physically  see  what 
is  going  into  and  coming  out  of  the 
AirDrop-P. 

Let's  move  on  to  the  microcon- 
troller, The  PIC18LF8621  is  the  low- 
voltage,  lower  power  cousin  of  the 
PIC18F8621.  Both  the  PIC18LF8621 
and  the  P1C18F8621  are  capable  of 
operating  with  a maximum  clock  fre- 
quency of  40  MHz  with  a Vdd  of  +5.5 
VDC.  However,  the  AirDrop-P  is  pow- 
ered with  a 3,3-VDG  powrer  supply 
and  the  PIC18LF862rs  maximum 
clock  frequency  is  reduced  to  a bit 
over  25  MHz.  Here’s  the 
PIC18LF8621  maximum  clock  fre- 
quency versus  maximum  applied  Vdd 
equation: 

Fmax  = (16.36  MHz/V)  (Vddappmin 


- 2.0  V)  + 4 MHz 
where: 

Fmax  = Maximum  operating 
clock  frequency 

Vddappmin  = Minimum  Vdd 
power  supply  voltage 

Fmax  = (16.36  MHz/V)  (3.3  V - 
2.0  V)  + 4 MHz  = 25.268  MHz 

To  guarantee  stability,  I decided 
to  run  the  AirDrop-P  clock  at  20  MHz. 
If  you  can  handle  changing  the 
CompactFlash  card's  mandatory  I/O 
delays,  you  can  run  your  AirDrop-P  at 
the  clock  rate  ceiling  if  you  desire. 

The  PIC18LF8621  ICSP  program- 
ming interface  is  standard  Microchip 
issue.  The  AirDrop-P  is  designed  to  be 
programmed  and  debugged  easily 


Figure  2. Tfie  AirDrop-P  hardware  design . 
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Figure  3. This  card  was  chosen  for  the  Air  Drop- P 
series  because  of  its  descriptive  and  easy -to -under- 
stand LED  modes  and  its  internal  PRISM  chipset. 


using  the  MPLAB  ICD2  in 
combination  with  the  latest 

version  of  Microchip’s  MPLAB 
IDE.  Any  Microchip-compati- 
ble programming/debugging 
system  can  be  used  to  enable 
the  AirDrop-P* 

The  business  end  of  the 
AirDrop-P  is  the  50-pin 
CompactFlash  connector  that 
carries  the  802.11b  wireless 
LAM  network  interface  card  and 
interfaces  the  CompactFlash 


Listing  /»  Here's  a bit  of  code  that  fires  up  the  TRENDnet  TEW-222CF  wireless  LAM 
CompactFlash  card. There  is  a lot  of  information  here.  Fortunately,  we  only  need  just  a few 
bytes  of  It  to  get  our  wireless  project  off  the  ground!. 


void  ini t_cf_card (void) 

{ 

//*******  LOCAL  DEFINITIONS 
char  cor_addr_lo , oor_addr_hi , corjdata; 
char  cis_device; 

unsigned  int  cis_addr,x;  // 

char  code_tuple;  // 

char  link_tuple;  // 

char  tuple_link_cnt; 
char  tuple_data;  // 

char  funce_cnt;  // 

char  rnac_cnt; 
char  rc ■ 

//*******  END  LOCAL  DEFINITIONS 


attribute  memory  index 
tuple  type 

number  of  bcdy  bytes  in 


(EVEN  ADDRS  ONLY) 
this  particular  tuple 


current  body,  byte  value  for  a given  body 
there  are  6 & the  4th  holds  the  MAC  addrs 


//*******  BEGIN  CONTACT  CF  CARD 
set_R3ET; 

SETUP_A ; 

SETUP_C ; 

SETUP_F ; 

SETUF_G; 

SETUP_H; 

SETUP_J; 

F1ROM_NIC  ; 
clr_RSET; 
clr£_cis; 
x = 500; 
do{ 

delay_ms (2)  ; 
if(-x  ==  0) 

{ 

break; 

} 

code_tuple  = rd_ccde_tuple  (0x0000) ; 
i f ( code_tupl e ==  1) 

}whils(  f?bcFsf  lag) ) ; 

END  CONTACT  CF  CARD 


//set  up  a time  out  timer 


// 


■*■■*■*■  ■*■■*■■*■  * 


cis_device 

cor_addr 

funce_cnt 

mac_cnt 

cis_addr 

clrf_cis; 


= 0; 
= 0; 
= 0; 

= 0; 

= 0; 


//  reset  to  the  first  CF_CISTPL_FUNCE 

//  CIS  starts  at  location  0 of  Attribute  memory 


do{ 

code_t upl  e = r d_code_t upl  e ( ci  s_addr ) j 
cis_addr+=2; 

I i nk_t  up 1 e = rd_l ink_t upl e{ci s_addr ) ; 
cis_addr+=2; 


i £ ( code_t upl  e ! = END_TUPLE ) 
f or  ( tup  1 e_l  ink_cnt=  0 ; t upl  e_l  i nk_cnt<l  i nk_t  upl  e ; + +tup  1 e_l  ink_cnt ) 


1 


{ 


tuple_data 
cis_addr+=2; 


rd_tuple_data{cis_addr) ; 
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card’s  electronics  to  the  PIC  1 8LF862 1 . 
Since  the  PIC18LF8621  is  an  eight-bit 
microcontroller,  the  16- bit  amenities  of 
the  CompactFlash  connector  are 
unused  and  thus  not  connected.  To 
save  PIC  1 8LF862 1 I/O,  only  the 
CompactFlash  connector  I/O  lines 
that  are  absolutely  necessary  for 
802, 1 1 b operation  are  connected 
and  used.  For  instance,  the  CD1  and 
CD2  pins  are  used  to  determine  if  a 
card  is  mounted  correctly.  Those 
pins  are  left  disconnected,  as  we 
most  likely  won’t  be  hot  swap- 
ping 802.11b  CompactFlash 
cards,  and  writing  code  to  sense 
these  pins  would  be  a waste  in 
our  particular  application  of  the 
CompactFlash  card. 

A memory-mapped 

approach  to  driving  the 
AirDrop-P  was  considered. 
However,  to  keep  the  circuitry 
and  driver  code  as  simple  as 
possible,  a simple  I/O  interface 
was  adopted.  Mote  that  there  is 
absolutely  no  “glue"  logic  on  the 
AirDrop-P  board.  One  of  the 
AirDrop-P  design  points  was  to 
leave  as  many  of  the 
PIC  1 8LF862 1 5s  subsystems 
open  for  use  and  to  leave  as 
many  microcontroller  I/O  lines 
open  as  possible  without  resort- 
ing to  additional  special  pur- 
pose components.  Also,  using 
the  I/O  interface  allowed  the  use 
of  simple  I/O  code  routines  to 
move  data  back  and  forth 
between  the  CompactFlash  card 
and  the  P1C18LF8621. 

All  of  the  firmware  to  drive 
our  802,1  lb  application  and  the 
CompactFlash  network  inter- 
face card  (MIC)  is  contained 
within  the  PIC  1 8LF862 1 ’s  Flash 
program.  The  CompactFlash 
MIC  is  responsible  for  taking  the 
data  we  give  to  it  and  broadcast- 
ing it  wirelessly  to  another  wire- 
less station  or  access  point.  The 
wireless  LAM  card  of  choice  for 
the  AirDrop  series  of  802.11b 
development  systems  is  manufac- 
tured by  TREMDnet  and  is  shown 
in  Figure  3.  The  TREMDnet  TEW- 
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222CF  is  an  11 -Mbps  wireless 
CompactFlash  network  adapter 
card  that  can  transmit  and 
receive  up  to  60  meters  indoors 

and  up  to  250  meters  out- 
doors. I particularly  like  the 
TREND  net  card  because  it 
has  an  activity  LED  that  lets 
you  know  if  something  is 
being  sent  or  received  by  the 
TRENDnet  CompactFlash 
NIC.  Also,  the  TRENDnet 
TEW-222CF  is  certified  for 
use  anywhere  in  the  world. 

The  AirDrop-P  is  pretty 
much  a “doorbell”  microcon- 
troller circuit.  The  real  power 
behind  the  AirDrop-P  lies  in 
the  firmware,  so  let's  take  a 
look  at  some  of  the  802.1  lb 
driver  code. 

802.1  lb  Logic 

Before  we  can  do  anything 
with  802.11b,  we  must  first 
introduce  some  CompactFlash 
card  lingo.  Some  of  the 
802.11b  startup  information 
we  need  and  information  about 
the  CompactFlash  NIC  itself 
can  be  obtained  by  simply 
reading  the  CompactFlash 
card’s  tuples,  which  are  locat- 
ed in  the  CompactFlash  card’s 
ROM  beginning  at  address 
0x0000  of  the  CompactFlash 
card’s  attribute  memory  area. 

As  far  as  CompactFlash 
cards  are  concerned,  a tuple  is 
simply  an  ordered  set  of  data 
elements.  Tuple  elements  for 
any  CompactFlash  card  con- 
sist of  the  code  tuple,  the  link 
tuple,  and  the  data  tuple  or 
data  tuples  that  follow.  In  a 
CompactFlash  card,  the  tuple 
values  that  are  meaningful  to 
us  all  lie  on  even  byte  bound- 
aries. For  instance,  the  first 
code  tuple  is  at  location 
0x0000  and  the  first  link  tuple 
is  at  location  0x0002.  This 
puts  the  first  data  tuple  at 
address  0x0004,  The  reason- 
ing behind  this  is  that  only  the 
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Listing  I continued  - 

switch  (code_tuple) 

{ 

ca.se  DEVICE_TUPLE: 

print  f ("\r\nDEVICE_TUPLE  %02X  = %02X\  tuple_link_cnt,  tuple_data)  ; 
break; 

case  DEV ICE_A_TUPLE : 

print £ (w\r\nDEVICE_A_TQPLE  %02X  = %02X" , tuple_link_cnt, tuple_data) ; 
break; 

case  DEVICE_QC_TLJPLE : 

print  £ ( 11  \ r \ nDEVICE_OC_TUPLE  %02X  = IG2X",  tuple_link_cnt,  tuple_data)  r 
break  ; 

case  DEV ICE_QA_TUFLE : 

print £(*\r\nDEVICE_OA_UFLE  %02X  = %02X"  , tuple_link_cnt,  tuple_data) ; 
break  ; 

case  VERS_1_TUPLE : 

print £{w\r\nVERS_l_TUPLE_TUPLE  %02X  = %c"  , tupleJLink_cntf  tuple_data)  ; 
break ; 

case  MANFIDJTUPLE: 

print £r\r\nMANFID_TUPLE  %02X  = %02X",  tuple_link_cnt,  tuple_data)  ; 
break  ; 

case  FUWCID_TUPLE: 

print £( 11  \r\nFUWCID_TUPDE  %02X  = %02X\  tuple_link_cntr tuple_data]  ; 
i £ ( tupl e_l ink_cnt  ==  0 ) 
cis_device  = tuple_data; 
break; 

case  FUNCE_TUPLE: 

print £r  \r\nFUNCE_TUPLE  %02X  = %02X"  , tuple_link_cnt,  tuple_data) ; 
i£(£unce_cnt  ==  4) 
i f { tuple_link_cnt>l ) 
macaddr c [ mac_cnt + + ] = tupl e_data ; 

i £ ( tupl e 1 ink_cnt  ==  (1  ink_t upl e- 1 ) ) 

£unce_cnt++; 

break; 

case  CONFIG_TUPDE:  //  GET  THE  COR  ADDRESS 

print  £ { 11  \ r \ nGONF  IG_TUPLE  %02X  = %02X\  tupl  e_link_cnt,  tupl  e_data)  ; 
i £ ( tuple_l ink_cnt  ==  2) 

cor_addr_lo  = tuple_dataf-  //  copying  low-byte 

if  (tuple_link_cnt  ==  3)  //  shift,  then  copy  hi -byte 

{ 

cor_addr_hi  = tuple_data; 

cor_addr  = make!6  ( cor_addr_hi , cor_addr_lo)  ; 

} 

break; 

case  CFTABLE_ENTRY_TUPLE : 
print £{vl\r\nCFTABLE_ENTRY_TUPIiE  %Q2X  = 

£02X"  , tuple_l  ink_cnt,  tuple_data) ; 

break; 

default : 

break; 

}//  end  switch 

}//  end  £or  loop  tuple_link_cnt 
}//if  (code_tuple  !=  END_TUPDE) 
else 


{ 


setf_cis; 


I 

}while{ ! (bcis£lag) ) ; 


cor_data  = rd_cor_data{cor_addr) ; 
delay_ms (4) ; 
cor_data  I = io_en_mask ; 
wr_cor_data  C cor_data, cor_addr ) ; 


r c = send_coinmand ( Initializ e_Cmd , 0) ; 
switch (re) 

{ 

case  0: 

print f ( *\r \nAirDrop- P Initialized" ) ; 
break; 
case  1 : 

print  £ ( w\r\nAi r Dr op - P Ini tiali zat ion  Fail ur eff ) ; 
break; 

case  2 : 

print! (w\r\nNo  buffer  space"); 
break; 

case  3 : 

print  £ ( w \r \nCammand  error" ) ; 
break; 

default : 

print£ (w\r\nResult  Code  = %x",rc); 
break; 
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Listing  2,  Each  and  every  one  of  these 
bytes  has  a purpose.  I turned  on  ASCII 
translation  instead  of  hex  translation  for 
the  VERS_;I_TUPLE  output 


DEVICETUPLE  00  = 00 
DEVICE_TUPLE  01  = 00 
DEVI CE_TUPLE  02  = FF 
DEVICE_A_TUPLE  00  = 67 
DEVI  CE_A_TUPLiE  01  = 5A 
DEVICE_A_TUPDE  02  = 08 
DEVICE_A_TUPDE  03  = FF 
DEVI CE_OA_TUPLE  00  = 01 
DEVI CE_OA_TUPLE  01  = 67 
DEVI  CE_pA_TUPLE  02  = 5A 
DEVI CE_pA_TUPLE  03  = 08 
DEVICE JDA_TUPLE  04  = FF 


VERS_ 

1 

TUPLE 

00 

= 

VERS_ 

1 

TUPLE 

01 

= 

VERS 

1 

TUPLE 

02 

= 

W 

VERS 

1 

TUPLE 

03 

= 

i 

VERS 

1 

TUPLE 

04 

= 

r 

VERS 

1 

TUPLE 

05 

= 

e 

VERS 

1 

TUPLE 

06 

= 

1 

VERS 

1 

TUPLE 

07 

= 

G 

VERS 

1 

TUPLE 

08 

= 

3 

VERS_ 

1 

.TUPLE 

09 

= 

S 

VERS 

1 

TUPLE 

0A 

= 

VERS 

1 

TUPLE 

0B 

= 

L 

VERS 

1 

TUPLE 

OC 

= 

A 

VERS 

1 

TUPLE 

0D 

= 

N 

VERS_ 

1 

TUPLE 

0E 

= 

VERS_ 

1 

TUPLE 

OF 

= 

A 

VERS 

1 

TUPLE 

10 

= 

a 

VERS 

1 

TUPLE 

11 

= 

a 

VERS 

1 

TUPLE 

12 

= 

P 

VERS 

1 

TUPLE 

13 

= 

t 

VERS 

1 

TUPLE 

14 

= 

e 

VERS 

1 

TUPLE 

15 

- 

r 

VERS_ 

1 

TUPLE 

16 

- 

VERS_ 

1 

.TUPLE 

17 

- 

V 

VERS 

1 

TUPLE 

18 

= 

G 

VERS 

1 

TUPLE 

19 

= 

r 

VERS_ 

1 

TUPLE 

1A 

= 

s 

VERS 

1 

TUPLE 

IB 

= 

i 

VERS 

1 

TUPLE 

1C 

= 

Q 

VERS 

1 

TUPLE 

ID 

= 

D 

VERS 

1 

TUPLE 

IE 

= 

VERS 

1 

TUPLE 

IF 

= 

0 

VERS 

1 

TUPLE 

20 

= 

1 

VERS_ 

1 

TUPLE 

21 

= 

VERS 

1 

TUPLE 

22 

= 

6 

VERS 

1 

TUPLE 

23 

- 

2 

VERS_ 

1 

.TUPLE 

24 

= 

VERS 

1 

TUPLE 

25 

= 

VERS 

1 

TUPLE 

26 

= 

Y 

MANFID 

TUPLE 

00 

= 

56 

MANFID 

TUPLE 

01 

= 

01 

MANFID 

TUPLE 

02 

= 

02 

MANFID 

TUPLE 

03 

- 

00 

FUNCID 

TUPLE 

00 

= 

06 

FUNCID 

TUPLE 

01 

= 

00 

FUNCE_TUPLE  00  = 01 
FUWCE_TUPLE  01  = 07 
FUNCE_TUPLE  00  = 02 
FUNCE_TUPLE  01  = 40 
FUNCE_TUPLE  02  = 42 
FUNCE_TUPLE  03  = OF 
FUNCE_TUPLE  04  = 00 
FUNCE_TUPLE  00  = 02 
FUWCE_TUPLE  01  = 30 
FUNCE_TUPLE  02  = 34 
FUNCE_TUPLE  03  = IE 
FUNCE_TUPLE  04  = 00 
FUNCE_TUPLE  00  = 02 
FUNCE_TUPLE  01  = CO 
FUNCE_TUPLE  02  = D3 
FUWCE_TUPLE  03  = A7 
FUNCE_TUPLE  04  = 00 
FUNCE_TUPLE  00  = 03 
FUNCE_TUPLE  01  = 07 
FUNCE_TUPLE  00  = 04 
FUNCE_TUPLE  01  = 06 
FUNCE_TUPLE  02  = 00 


lower  eight  bits  of  the  CompactFlash 
card’s  16-bit  data  bus  are  exposed, 
which  happen  to  be  the  even- 
numbered  bytes.  This  allows  eight-bit 
devices  easy  access  to  the  read-only 
CompactFlash ’s  card  information 
structure  (CIS)  area  where  the 
eight-bit,  even-numbered-spaced 
tuples  live. 

Tuples  are  arranged  in  the 
CompactFlash ’s  CIS  area  as  a linked 
list.  The  code  tuple  describes  the 
type  of  tuple  that  is  being  accessed 
with  each  tuple’s  code  name  being 
defined  in  the  CompactFlash  stan- 
dards documentation.  The  link  tuple 
tells  us  how  many  bytes  are  remain- 
ing within  the  tuple.  So?  the  drill  is  to 
parse  the  number  of  data  tuples 
from  the  first  tuple  to  the  next  and 
so  forth. 

That’s  enough  tuple  talk.  Instead 
of  pounding  out  words  and  defini- 
tions about  a tuple,  what  it  does,  and 
where  it  sits  in  the  CompactFlash 
card  CIS,  let’s  follow  through  some 
real  working  code  that  traverses  the 
linked  list  of  tuples  found  within  the 
TRENDnet  802,11b  wireless  LAN 
CompactFlash  card  we’re  using  on 
the  AirDrop-P, 

Listing  1 is  a code  snippet  from 
the  AirDrop-P  802.1  1b  driver.  Don’t 
concern  yourself  with  some  of  the 


Lsftng  2 continued  ♦♦♦ 

FUNCE_TUPLE  03  = EQ 
FUNCE_TUPLE  04  = 93 
FUNCE_TUPLE  05  = C3 
FUNCE_TUPLE  06  = DA 
FUNCE_TUPLE  07  = 2B 
FUNCE_TUPLE  00  = 05 
FUNCE_TUPLE  01  = 01 
GGNF IG_TUPLE  00  = 03 
GGNF IG_TUPLE  01  = 01 
GGNF IG_TUPLE  02  = E0 
GONE IG_TUPLE  03  = 03 
GGNF IG_TUPLE  04  = 00 
GGNF IG_TUPLE  05  = 00 
OONF IG_TUPLE  06  = 01 
CFTABLE_EHTRY_TUPLE  00  = Cl 
CFTAELE_ENTRY_TUPLE  01  = 01 
CFTABLE_ENTRY_TUPLE  02  = 19 
CFTABLE_ENTRY_TUPLE  03  = 76 
CFTABLE_EMTRY_TUPLE  04  = C5 
CFTAELE_ENTRY_TUPLE  05  = 4B 
CFTABLE_ENTRY_TUPLE  06  = D5 
CFTABLE_EMTRY_TUPLE  07  = 19 
CFTABLE_EMTRY_TUPLE  08  = 36 
CFTABLE_ENTRY_TUPLE  09  = 36 
CFTABDE_ENTRY_TUPLE  0A  = 05 
CFTABDE_ENTEY_TUPLE  0B  = 46 
CFTABLE_ENTRY_TUPLE  0C  = 7F 
CFTABLE_ENTRY_TUPLE  0D  = FF 
GFTABDE_ENTRY_TUPLE  0E  = FF 
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more  mundane  functions  — like 
SETGP_A—  as  these  are  just  macros 
that  set  the  TRIS  values  of  the 
PIC18LF8621’s  I/O  pins*  If  there’s  a 
function  you  need  to  know  about 
that  concerns  the  CIS  parsing,  Gil 
make  sure  to  stop  and  talk  about 
it  along  the  way.  Otherwise,  it  will 
most  likely  be  obvious  to  you  as  you 
pour  through  the  full  802,1  1b  driver 
code  listing. 

The  main  reason  that  the  code 
in  Listing  1 exists  is  to  determine  the 
main  read/write  I/O  portal  address 
for  the  TRENDnet  CompactFlash 
card’s  configuration  registers.  The 
standard  CompactFlash  card  and 
PCMCIA  configuration  register  I/O 
address  are  usually  located  at 
0x03 E0,  However,  assumptions  are 
not  always  good  things  and  it’s  easy 
enough  to  determine  the  actual  con- 
figuration register  I/O  address  by 
parsing  the  CIS  bytes.  Running 
through  the  parsing  exercise  is  also 
a good  way  to  determine  if  we’re 
really  talking  to  the  TRENDnet 
CompactFlash  card’s  internals. 

The  very  beginning  of  the  func- 
tion init_cf_card(void)  consists  of  the 
declaration  of  all  of  the  local  variables 
that  will  be  used  in  the  CIS  parsing 
operation.  The  16-bit  configuration 
register  address  will  be  assembled 
from  the  cor_addr_Io  and  cor  addr  hi 
bytes.  The  next  logical  step  we  must 
take  is  to  make  sure  that  the 
CompactFlash  card  is  properly  reset 
and  that  our  PIC18LF8621  I/O  is  ini- 
tialized correctly.  The  set  RSET  and 
clr_RSET  macros  operate  on  the 
CompactFlash  card’s  RESET  I/O  pin. 
The  FROM_NIC  and  TO_NIC  macros 
simply  TRIS  the  PIC  18LF862  I ’s  data 
bus  I/O  pins  for  input  and  output 
operations,  respectively.  All  of  these 
routines  are  simple  I/O  routines  you 
write  and  execute  everyday  if  you’re  a 
human  PIC  programmer. 

Once  the  initialization  of  the 
CompactFlash  card  and  PIC  I/O  pins 
is  complete,  a simple  software 
timer/ reader  routine  is  kicked  off 
that  tries  to  read  the  code  tuple  value 
at  CIS  location  0x0000  for  one 
second.  Since  the  TRENDnet 
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CompactFlash  MIC  is  not  a memory 
card  or  hard  disk  card,  the  first  code 
tuple  should  define  the 
CompactFlash  card  as  a null  device, 
which  is  designated  by  a numeric 
value  of  1 ..  If  the  initial  tuple  read  is  a 
success,  the  CompactFlash  card  has 
initialized  properly  and  we  can  move 
on  and  determine  where  the  configu- 
ration register  I/O  portal  is  located. 
Listing  2 is  the  resultant  CIS  tuple 
dump  of  the  TRENDnet  TEW-222CF 
CompactFlash  card.  There  are  lots  of 
things  exposed  here  that  require 
super  secret  PRISM  documentation  to 
interpret.  If  you’re  curious,  I suggest 
looking  over  the  many  Linux  Internet 
posts  on  the  subject  of  wireless  MIC 
tuples.  For  now,  we’re  really  only 
interested  in  Data  Bytes  2 and  3 of 
the  COMFIG_TUPLE,  which  collec- 
tively contain  our  configuration  regis- 
ter I/O  address.  You  can  see  in  Listing 
1 how  the  configuration  register  1/0 
address  of  0x03 EO  was  realized. 

At  this  point  in  the  code,  the  Link 
LED  on  the  TEW-222CF  mounted  in 
the  AirDrop-P  CompactFlash  card 
socket  is  glowing  solid.  We’ve  done 
nothing  to  activate  any  of  the  TEW- 
222CF’s  802. 1 lb  circuitry  up  to  now, 
other  than  perform  a CompactFlash 
card  reset.  The  solid  glow  of  the  TEW- 
222CF  Link  LED  signals  that  the 
TEW-222CF  has  successfully  per- 
formed a reset  operation  and  is  ready 
to  be  initialized.  After  issuing  the 
CompactFlash  card’s  initialize  com- 
mand, the  TEW-222CF’s  Link  LED 
starts  to  blink,  indicating  that  the 
CompactFlash  card  is  initialized  and 
ready  to  receive  further  instructions. 

There  are  certain  things  that  you 
must  know  to  be  able  to  continue. 
First,  will  your  AirDrop-P  be  partici- 
pating in  an  infrastructure  network  or 
will  it  operate  in  ad  hoc  mode?  An 
infrastructure  basic  service  set  (BSS) 
network  implies  that  some  type  of 
wireless  access  point  is  operating  in 
the  network.  For  most  of  you,  the 
wireless  access  point  also  doubles  as 
a router  and  a gateway  to  the  Internet 
via  your  DSL  or  broadband  connec- 
tion, An  example  of  a home  wireless 
access  point  is  the  basic  Met  gear 
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MR814,  Ad  hoc  independent  basic 
service  set  (IBBS)  networks  are  sim- 
ple point-to-point  wireless  connec- 
tions between  wireless  stations  that 
do  not  have  an  access  point  in  their 
network  structure. 

The  basic  802.11b  driver  code 
I’m  providing  for  you  has  no  provision 
to  automatically  get  an  IP  address 
from  a dynamic  host  configuration 
protocol  (DHCP)  server.  In  this 
instance,  you’ll  also  need  to  desig- 
nate a suitable  Internet  provider 
address  for  the  AirDrop-P  that  is  inter- 
operable with  your  network.  An 


upside  to  using  CompactFlash  card 
MICs  is  that  each  one  has  a unique 
hardware  media  access  controller 
(MAC)  address  burned  into  its  ROM. 
The  CompactFlash  card’s  hardware 
address  can  be  had  by  simply  copy- 
ing it  from  the  back  of  the 
CompactFlash  MIC  or  electronically 
via  a call  from  the  AirDrop-P’s 
802,1  lb  driver. 

Let’s  check  off  our  wireless  LAM 
parameter  shopping  list  items  writh  a 
walk  through  the  code  you  see  in 
Listing  3,  The  code  snippet  in  Listing 
3 is  the  sequence  of  events  that 


Listing  3*  This  code  snippet  shows  the  flow  of  the  calls  to  the  AirDrop-P  802. 1 lb  driver  that 
are  needed  to  put  the  TRENDnet TEW-222CF  on  the  air  and  to  contact  and  communicate 
with  other  stations  on  a wireless  LAN. 


void  main (void) 

{ 

unsigned  int  i,  temp,  evstat_data; 
char  rc; 

init_USART() ; 
init_c£_card( ) ; 

airdrop_config(BSS) ; 
airdrop_config(SSID) ; 

//*  BEGIN.  . .ESTABLISH  MAC  ADDRESS  AND  IP  ADDRESS 
temp  = r_read(OxPC01) ; 
for (i=0; i<6;i++) 

{ 

if (i%2] 

macaddrc [ i ] = fr_bu£fer  [2+i/2]»8; 

else 

macaddr c [ i ] = frjauffer [2+i/2]  & OxFF; 

} 

for (i=Q; i<3;++i) 
macaddrifi]  = £r_buffer [i+2] ; 

ipaddri [0]  = makelG ( ipaddr c [ 1 ] , ipaddrc [0]  ) ; 
ipaddri [ 1 ] = makel 6 ( ipaddrc [ 3 ] , ipaddrc [2 ] ) ; 

//*  END..  .ESTABLISH  MAC  ADDRESS  AND  IP  ADDRESS 

//*  BEGIN. . .ENABLE  NIC 


//* 


allocate_xmit_buf fers ( ) ; 
wr_cf_iol6 (OxFFFF,  0x0034) ; 
if {rc=send_command [ 0x0001 , 0 ) ) 
print £ (KMAC  Enable  Error\r\nw ) ; 
do{ 

temp=r_read(OxFD40) ; 

}while(fr_bu£fer [2]  !=4)f- 
temp  = r_read(0xED42) ; 
for (i=0 ; i<6;i++) 

{ 

if (i%2) 

bssidc[i]  = £r_buffer  [2+i/2]»S; 

else 


} 


bssidc[i]  = 


for (i=0; i<3 ; ++i ) 
besidifi]  = fr_buffer[i+2]  ; 
END. . .ENABLE  NIC 


frjbuf £er [2+i/2 ] & QxEF; 


//*  BEGIN... DO  YOUR  DUTY 
while (1) { 

do{ 

evstat_data  = rd_cf_i ol 6 (0x0030) ; 
[while [ ! (evstat_data  & 0x0001) ) ; 
get_airdrop_£rame  ( ) ; 

} 

} 
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results  in  putting  the  TRENDnet 
TEW-222CF  wireless  LAN 
CompactFlash  card  on  the  air. 

We’ve  already  discussed  the 
init_GSART  and  init_cf_card  func- 
tions. The  fun  begins  with  the  call  to 
airdrop_config(BSS)*  This  tells  the 
TEW-222CF  that  we  want  to  partici- 
pate in  an  infrastructure  network 
(BSS)  and  ultimately  associate  with 
an  access  point.  The  next  call  to  air- 
drop_config(SSID)  is  optional*  A 
string  can  be  defined  with  the  name 
of  the  particular  network  (BSS)  you 
would  like  to  join.  The  service  set 
identifier  (SSID)  is  a 32-character 
identifier  that  you  assign  to  your 
access  point/router  and  is  used  to  dif- 
ferentiate one  wireless  LAN  from 
another*  For  instance,  my  lab  wireless 
LAN  has  an  SSID  of  “EDTP*”  To  join 
the  EDTR  BSS,  I must  code  the 
AirDrop-P  802*1  lb  driver  in  the 
appropriate  location  as  follows: 

char  tempstring []  = “EDTR”; 

//Your  desired  SSID  here 

By  leaving  the  string  null  (“” 
instead  of  “EDTP’’),  the  first  available 
BSS  will  be  selected  by  the  TEW- 
222CF  CompactFlash  NIC  for  associ- 
ation and  connection. 


The  TRENDnet  TEW-222CF  Link 
LED  is  still  flashing  at  this  point,  indi- 
cating that  we  are  still  in  the  setup 
process  and  haven’t  made  any  real 
attempts  to  get  on  the  air.  The  next 
items  we  need  to  check  off  of  our 
shopping  list  are  the  MAC  and  IP 
addresses  for  the  wireless  NIC*  The 
TRENDnet  TEW-222CF’s  MAC 
address  is  garnered  electronically  via 
an  802*1  lb  driver  call,  and  the  IP 
address  is  defined  inside  the  802*1  lb 
driver  code  as  follows: 

char  ipaddrc[4]  = { 192,168,0,151  }; 

The  downside  of  just  copying  the 
CompactFlash  card's  MAC  address 
and  hand  coding  it  in  is  that,  if  you 
change  CompactFlash  cards,  you’ll 
have  to  reenter  the  new  MAC  address 
manually* 

We  Ye  just  about  to  enter  the 
EDTP  access  point’s  air  space*  The 
next  set  of  function  calls  in  Listing  3 
turn  on  the  802*1  lb  radio  and  send 
probe  messages  out  into  the  ether* 
The  TEW-222CF  is  actually  "fishing" 
at  this  point*  The  TEW-222CF’s 
Activity  LED  is  flashing  as  data  is 
passed  from  the  now  active  TEW- 
222CF  NIC  to  any  access  point  in  the 
range  of  the  TEW-222CF’s  probing 


It  writes  your  USB  code! 

NO  Need  to  be  a USB  expert! 

HIDmaker  ($399)  - creates 
ready  to  compile  PC  & PIC  programs 
that  talk  to  each  other  over  USB. 

Choose  your  favorite  languages! 

PIC:  Pic  Basic  Pro,  CCS  C,  Hi-Tech  C, 
MPASM.  PG  VB6,  DeLphi,  C++  BuiLder. 
Single  chip  solution:  PIC  with  built- 
in  USB 

HIDmaker  Test  Suite  ($149) 

USBWatch  - shows  your  device's 
USB  traffic,  ever  during  'enumera- 
tion', without  expensive  equipment. 

Any  HID  - Test  any  USB  HID  device. 
See  what  data  it  sends,  even  what 
the  data  is  used  for. 

/ 

A ^ ® ® ®it|,r|,l1|tlltt 

301-262-0300 

/ SYSTEMS,  In  C.'""1 

WWW.TraceSvstemsInc.com 
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radio  signal.  If  everything  we’ve  done 
this  far  was  correct,  in  less  than  a sec- 
ond the  TEW-222CF’s  Activity  LED 
will  flicker  and  extinguish  and  the 
TEW-222CF’s  Link  LED  will  glow 
steadily.  This  indicates  that  the 
AirDrop-P  has  contacted  an  access 
point  and  gotten  a response  from  the 
access  point,  telling  it  who  the  access 
point  is  and  what  capabilities  the 
access  point  has* 

The  AirDrop-P  then  associates  with 
the  selected  access  point  (in  our  case, 
the  “EDTP”  access  point),  authenti- 
cates itself  with  the  access  point  — if 
necessary  — and  joins  the  EDTP 
access  point’s  BSS.  The  AirDrop-P  can 
now  send  and  receive  meaningful  data 
on  the  wireless  LAN  with  the  help  of 
the  EDTP  access  point. 

Leaving  the 
(Air)Drop  Zone 

Now  that  a wireless  communica- 
tions channel  has  been  established, 
the  AirDrop-P  can  communicate  with 
other  Ethernet  devices  on  the  wire- 
less LAN  and  wired  LAN  segment, 
using  standard  Internet  protocols* 

The  wireless  LAN  world  is  very 
secretive  on  the  outside;  however,  you 
can  use  the  basic  802*1 1b  driver 
code  I’ve  provided  in  conjunction 
with  open  source  802.11b  Linux 
examples  from  the  Internet  to  gain 
enough  knowledge  (and  operational 
code)  to  easily  put  an  AirDrop-P  on 
your  local  Ethernet  LAN*  There’s  also 
a dedicated  Internet  user  group  for 
those  of  you  that  are  interested  in 
sharing  AirDrop-P  experiences  and 
source  code*  If  you’re  the  least  bit 
interested  in  wireless  LAN  communi- 
cations with  microcontrollers,  I highly 
suggest  monitoring  the  AirDrop-P 
user  group’s  chatter.  NV 


To  Access  the 
AirDrop-P  User  Group 

Group  name:  airdrop_user 
Group  home  page: 

h tt  p ://gro  ups,  yah  oo«com/grou  p/air 
drop  user 

Group  email  address: 
airdrop_user@yahoogrQups.com 
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Get  Your  FREE  US$  Priced  Catalog  - all  400+  pages! 

Just  fill  out  the  catalog  request  form  at  www, ja yea r electron ks+com/cata log 

Check  our  website!  |?n|ffnij^ 

* All  of  our  6,000+  products  with  search  facilities, 

* 128-bit  secure  on-line  ordering  - safe  & secure, 

* Over  3,500  product  datasheets  & application  notes,  BE3&W& 

* And  we're  from  Australia,  so  you  can  trust  us!  _ -J  FgjrHjM 

* Postage  and  Packing  includes  airmail  to  the  USA  HnfPiflfn?ES 


www.jaYearelectronicB.com 


Performance  Electronics  for  Cars  Book 

BS-5080  $13,60  ■+  post  & lacking 

Australia's  leading  electronics  magazine,  Silicon  Chip,  has  developed  a range  of  projects  for 
performance  cars.  There  are  16  projects  in  total,  ranging  from  devices  for  remapping  fuel 
curves,  to  nitrous  controllers,  and  more!  The  book  includes  all  instructions,  components  lists, 
colour  pictures,  and  circuit  layouts.  There  are  also  chapters  on  engine  management,  advanced 
systems,  DIY  modifications,  and  more.  Over  150  pages!  All  of  the  projects  described  are 
available  in  kit  form,  exclusively  from  Jaycai,  Check  out  our  website  for  all  the  details.  J 


JUST  ONE  OF  OUR  MANY 
GREAT  PRE-BUILT  & TESTED 
CONSUMER  PRODUCTS! 
Noise  Cancelling 
Headphones 

AA-2Q54  $25,00  + post  and  packing 
Designed  for  use  in  noisy  environments 
such  as  an  aircraft  or  cars.  They  reduce 
background  noise  by  as  much  as  l5dB,  so 
you  can  sleep  soundly,  . _ 
concentrate  better, 
or  listen  to  your  g 
music  without  f 
t lying  to  "drown 

out1'  the  noise.  . jJt 

Two  AAA  * 

batteiies  are  &('  ANflCW 

supplied  for  ^ JH 

power,  6 lead  with 
a 1/8  plug. 


Remote  Control  Extender  *^(jj ^Stj 
Kit  Mkll  ^ 

KC-5209  $13.25  4-  post  and  packing 

If  you  have  a source  device  such  as  a DVD  player  running 

to  a TV  in  another  room,  or  perhaps  a Hi-Fi  system  with 

speakers  in  the  other  end  of  your  house,  you  probably  get 

tired  of  walking  to  the  other  room  just  to  change  tracks  or 

fast  forward  etc.  This  project  effectively  transfers  the  IR 

signal  from  your  remote  control 

and  re  transmits  it  in  the  other 

room!  Kit  includes  case,  circuit 

board,  all  electronic 

components,  and  clear  English 

instructions.  \ . 


3 Stage  FM  Transmitter  Kit 

KJ-8750  $11.50  + post  and  packing 
The  circuit  board  may  measure  just  2"CL)  x 
11/16(W)r,  but  it  can  transmit  signals  over 
half  a mile  in  the  open.  It  has  flexible  power 
requirements,  with  6 to  12VDC  input  voltage 
(so  a 9V  batteiy  would  be  suitable).  It  is 
quick  to  build,  and  fun  to  use.  Kit  supplied 
with  circuit  board,  electronic  components, 
and  clear  English  instructions.  .T  , 


Theremin  Synthesiser  Kit 

KC-5295  $34.95  + post  & packing 

The  Theremin  is  a weird  musical  instrument  that  was 

invented  early  last  century  but  is  still  used  today. 

The  Reach  Boys'  classic  hit  "Good  Vibrations" 
featured  a Theremin.  By  moving  your  hand  between 
the  antenna  and  metal  plate,  you  create  weird  sound 
effects  like  in  those  scary  movies!  Kit  includes  a 
^a^machined,  si  Ik- screened,  and  p re-  drilled  case, 
circuit  board,  all  electronic  components, 

. and  clear  English  instructions. 


50MHz  Frequency  Meter  Kit  ,, 
with  LCD  Display  /'''pj, 
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Measure  the  Speed 
of  Light 

Clocking  the  Cosmos  for  Less  Than  $20.00 


The  speed  of  light  is  the  fastest  thing 
there  is.  Most  people  know  that  light 
travels  at  around  186,000  miles  per 
second  in  a vacuum,  but  that  speed  is  really 
incomprehensible.  Compare  it  to  a rocket  that 
only  needs  to  reach  seven  miles  per  second  to 
escape  from  the  Earth’s  gravity.  To  use  a 
more  common  unit  of  measure,  light  travels  at 
670  million  miles  per  hour;  light  travels  just 
about  one  foot  in  one  nanosecond  (a  billionth 
of  a second).  That’s  pretty  quick.  This  project 
will  allow  you  to  measure  the  speed  of  light 
simply  and  inexpensively,  as  the  basic  parts 
cost  well  under  $20,00,  However,  you  will  need 
a good  oscilloscope. 

The  Basics 

There  are  a number  of  ways  to  measure 
the  speed  of  light,  and  our  approach  here  was 
chosen  for  a number  of  reasons.  The  first 
requirement  was  to  use  visible  light.  This 
makes  optical  alignment  much  easier. 
Besides,  it  only  seems  proper  to  be  able  to  see 
what  you  are  measuring,  A second  considera- 
tion was  the  need  to  keep  it  simple  and  small. 


Photo  L This  is  the  transmitter  and  some  parts 
that  require  “field  modification." 


The  “optical  bench”  is  only  12  inches  square. 
The  transmitter  uses  only  a single  integrated 
circuit  (1C)  and  the  receiver  uses  only  two  lCs, 
The  third  requirement  was  to  keep  it  inexpen- 
sive. If  you  buy  all  new  parts,  the  cost  should 
be  under  $20.00,  Most  of  my  parts  came  from 
my  junk  box,  so  the  cost  was  much  less,  A 
good  oscilloscope  will  be  needed;  the  band- 
width should  be  greater  than  100  MHz  for 
good  results  (mine  was  300  MHz),  The  design 
goal  is  one  nanosecond  (ns)  of  resolution  (not 
accuracy).  Lastly,  this  approach  will  introduce 
you  to  a number  of  optical  principles  and 
characteristics. 

Fundamentally,  the  idea  is  very  simple,  A 
clock  creates  regular  pulses.  A pulse  is  used 
to  create  a laser  light  pulse  that  is  sent  away 
from  the  apparatus  and  then  reflected  back. 
This  causes  the  returned  pulse  to  be  delayed 
very  slightly,  if  we  “subtract”  the  original  pulse 
from  the  delayed  pulse,  we  will  get  a short 
pulse  that  is  due  only  to  the  delay.  This  delay 
corresponds  to  the  distance  the  light  pulse 
traveled.  Of  course,  things  aren't  quite  that 
easy  in  practice. 

Let’s  look  at  Figure  1 . The  clock  is  just  a 
crystal  oscillator,  and  the  frequency  is  not 
really  important.  The  choice  of  4 MHz  is  fairly 
arbitrary,  ft  is  useful  to  have  crystal  stability 
because  jitter  on  the  oscilloscope  trace  will 
make  it  hard  to  read.  This  clock  drives  a semi- 
conductor laser  (which  is  just  a cheap  laser 
pointer).  We  use  the  laser  because  it  creates 
a beam  of  light  that’s  intense  and  narrow. 
The  laser  pulse  travels  out  and  bounces  off  a 
corner-reflector. 

The  corner-reflector  is  just  a red  bicycle 
reflector,  but  it  has  the  very  useful  property  of 
reflecting  light  back  from  the  direction  it 
came  from,  regardless  of  the  angle.  Trying  to 
use  an  ordinary  mirror  requires  a significant 
alignment  effort  (although  it  could  be  done 
that  way).  Using  the  corner-reflector  is 
extremely  easy,  as  it  will  always  reflect  direct- 
ly back  toward  the  source.  However,  this 
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reflection  is  slightly  scattered  and  is  not  a tight  beam. 
For  that  reason,  a lens  is  needed  to  focus  the  laser  light 
onto  the  receiver.  This  lens  is  an  inexpensive  plastic 
Fresnel  lens* 

The  beam  splitter  (just  a piece  of  clear  plastic)  reflects 
only  the  returning  light  from  the  lens  toward  the  receiver* 
Otherwise,  the  receiver  would  have  to  be  in  the  same  posi- 
tion as  the  laser.  (We’ll  discuss  the  beam  splitter  and  lens 
in  more  detail  later*)  The  receiver  creates  an  electrical 
pulse  that  is  a duplicate  of  the  transmitted  pulse,  but  slight- 
ly delayed.  These  two  signals  are  combined  with  an  exclu- 
sive-OR  (XOR)  gate  that  “subtracts”  one  pulse  from  the 
other,  leaving  only  those  parts  that  are  different.  These  dif- 
ferences are  the  results  of  the  distance/delay  and  are  dis- 
played on  the  oscilloscope. 

The  Transmitter 

Figure  2 shows  the  schematic  diagram  of  the  laser 
pulse  generator  or  transmitter*  As  you  can  see,  it's  very 
simple.  The  first  section  of  a complementary  metal-oxide 
semiconductor  (CMOS)  inverter  is  used  as  a crystal  oscil- 
lator. A second  section  is  used  to  buffer  the  oscillator,  and 
the  last  four  sections  are  used  in  parallel  for  increased 
power  to  drive  the  laser  diode*  The  rectifier  diode,  D2,  does 
double  duty*  It  prevents  problems  if  the  power  is  reversed, 
and  it  drops  the  six  volts  to  about  53  volts  so  the  inverter 
won't  get  upset.  Resister  R3  and  LED  D1  are  optional  and 
are  used  as  a power-on  indicator*  (It’s  just  a habit  of  mine 
to  include  them.) 

There  are  a few  notes*  The  inverter  can  be  almost  any 
CMOS  family  (74H04,  74HC04,  74HCT04,  etc*),  but  bipo- 
lar inverters  won’t  work  (7404,  74LS04,  74S04)*  You  can 
certainly  use  a commercial  oscillator  instead  of  the  crystal 
oscillator  circuit.  (In  that  case,  you  can  eliminate  R I , R2, 
C2,  C3,  and  Yl*  Connect  your  oscillator  output  to  G1  Pin 
3,  and  ground  G1  Pin  1*)  While  the  oscillator  circuit  is  very 
robust  and  will  work  with  nearly  any  crystal,  keep  the  value 
around  4 MHz  to  match  the  receiver  delay  circuit  (to  be 
discussed  later).  A 3.57-MHz  color-burst  crystal  should 
be  fine* 

Photo  1 shows  the  transmitter  and  some  parts  that 
require  “field  modification*”  1 put  the  transmitter  in  a box 
because  1 have  a feeling  that  I will  find  a number  of  uses 
for  a laser  transmitter  that  can  be  modulated  at  up 
to  20  MHz.  As  you  can  see,  the  actual  electronics  fits  on  a 
small,  perforated  circuit  board,  and  point-to-point  wiring 
was  used* 

The  laser  I used  was  a key-chain  type  that  used  three 
l*5-volt  button  batteries  (right  center  of  Photo  1)*  1 chose 
to  remove  the  laser  head  from  the  body  for  ease  of  use* 
(You  don’t  have  to,  but  you  will  have  to  make  power  con- 
nections somehow*)  \ carefully  used  a hacksaw  to  remove 
the  head  assembly*  You  can  see  the  spiral  cut  in  the  body 
(left  center)*  The  laser  head  consists  of  a lens,  laser,  and  a 
tiny  PC  board  (center)*  I attached  power  wires  that 
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Figure  L lit  is  useful  to  have  crystal  stability  because  jitter  on  the 
oscilloscope  trace  will  make  it  hard  to  read. This  dock  drives  a 
semiconductor  laser  (which  iis  just  a cheap  laser  pointer). 


bypassed  the  switch  so  f wouldn’t  have  to  press  the  button 
for  the  laser  to  work.  The  long  leads  were  only  for  testing. 
(The  two  parts  in  the  lower  right  of  Photo  1 are  the  optical 
receiver  and  will  be  discussed  later*) 
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The  laser  key  chain  I had  on  hand  was  very  conven- 
ient It  worked  on  4.5  volts,  so  a 5.3- volt,  50  percent  duty- 
cycle  signal  didn't  overload  it. 

There  was  no  actual  driver  circuit  for  the  laser. 
There  was  only  a 62-ohm  surface-mount  resistor  that 
limited  current.  This  meant  that  I could  drive  it  with  a 
very  fast  signal  without  problems.  A good  laser  pointer 
with  a real  current  control  circuit  probably  won  t be 
able  to  handle  the  high-speed  signals.  If  you  use  a laser 
that  runs  on  three  volts  (or  other  voltage),  be  sure  to 
use  a suitable  current-limiting  resistor.  My  oscillator  cir- 
cuit used  an  additional  14  mA  with  the  laser  on.  This 
means  that  the  peak  current  was  28  mA  (50  percent 
duty  cycle).  Since  most  of  the  red  laser  diodes  are 
very  similar,  a 62-  to  75-ohm  current-limiting  resistor 
supplying  about  25  mA  DC  should  be  okay  for  a 
pulsed  5.3-volt  operation.  Also,  the  head  assembly 
acts  as  a heatsink.  It  is  critical  that  the  heatsink  be 
functional;  otherwise,  the  laser  will  quickly  overheat 
and  destroy  itself. 

The  Optical  Bench 

When  you  work  with  optics,  it’s  important  to  be  able 
to  keep  components  stable  and  fixed.  It's  also  important 
to  be  able  to  remove  a component  and  then  replace  it 
easily.  The  tool  used  for  this  is  called  an  optical  bench,  A 
professional  optical  bench  is  typically  made  of  metal, 
about  two  by  three  feet,  and  has  holes  every  inch  (sort  of 
like  large  perf-board),  Optical  component  carriers  hold 
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the  optical  elements,  while  the  base  of  the  carrier 
plugs  into  one  or  more  holes  in  the  bench.  Optical 

benches  can  cost  $1,000,00  or  more.  That's  a little 
pricey  for  us,  so  we  will  create  a single-use  optical 
bench  out  of  wood. 

There  are  many  approaches  to  building  the 
bench.  I'll  explain  how  and  why  I built  mine  the  way  I 
did,  (Feel  free  to  choose  the  methods  that  you  feel 
most  comfortable  with.)  Photo  2 shows  the  basic  lay- 
out, The  base  is  a 1 2 x 1 2-inch  piece  of  particle  board. 
The  transmitter  case  is  snugly  held  in  place  with 
pieces  of  3/4  x 1-inch  wood  screwed  to  the  base.  The 
beam  splitter  rests  in  a slot  I cut  out  of  a scrap  of  2 x 
3/4-inch  wood.  The  wood  is  also  screwed  to  the  base. 
1 used  shims  cut  from  a business  card  to  keep  the  plastic 
snug  in  the  slot, 

A similar  procedure  is  used  for  the  Fresnel  lens.  The 
optical  receiver  PC  board  is  raised  to  the  approximate 
height  with  a wooden  base.  For  fine  tuning  of  the  height, 
I used  long  screws  as  feet.  By  adjusting  the  screws,  I 
could  position  the  receiver  with  precision.  The  receiver 
was  held  in  place  writh  high-tech,  one-dimensional  organ- 
ic tension  straps  (otherwise  known  as  rubberbands).  The 
corner-reflector  shown  in  Photo  2 is  just  taped  to  an 
empty  reel  of  wire  to  keep  it  vertical.  In  actual  use,  it 
is  not  part  of  the  bench  assembly  and  is  placed  several 
feet  away. 

There  are  a fewr  things  to  discuss  about  the  beam 
splitter  and  the  Fresnel  lens.  The  beam  splitter  is  just  a 
scrap  piece  of  clear  plastic.  It’s  about  4 x 4 x 1 /8-inch 
thick.  Any  piece  of  clear  plastic  should  be  okay.  Its  dis- 
tance from  the  laser  and  the  mounting  angle  are  not  too 
important.  Give  yourself  room  for  the  other  components, 
(I  guessed,  not  measured,  around  45  degrees.)  You  can 
use  glass  for  your  beam  splitter,  but,  obviously,  glass  is 
sharp  and  fragile.  Additionally,  it’s  hard  to  drill  a hole  in 
glass.  There  is  a hole  in  the  center  of  the  beam  splitter, 
but  it’s  very  hard  to  see  in  the  photo.  It’s  not  absolutely 
necessary  to  have  the  hole,  but  it  helps.  Here's  why:  If  we 
split  the  beam  on  its  outward  leg,  we  lose  about  50  per- 
cent of  the  light.  Obviously,  we  want  as  much  light  reflect- 
ed as  possible,  hence  the  hole.  There  is  also  a hole  in  the 
Fresnel  lens,  but  this  hole  is  critical.  If  the  outgoing  laser 
beam  passes  through  the  lens,  the  beam  will  spread  out 
too  much. 

The  Fresnel  lens  I used  was  a 
credit  card  magnifier  (or  “wallet” 
magnifier)  that  wras  a free  promo- 
tional item  I got  from  some  compa- 
ny years  ago.  Its  placement  isn't 
too  critical.  Just  remember  that  the 
focal  length  is  about  3.5  inches 
(yours  might  be  different). 
Therefore,  the  distance  from  the 
lens  to  the  beam  splitter  to  the  opti- 
cal receiver  1C  will  be  that  length, 
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The  important  thing  is  to  make  sure  that  the  parts  don't 
interfere  with  each  other. 

The  easiest  way  to  find  the  precise  location  for  the 
holes  in  the  beam  splitter  and  lens  is  to  fix  the  compo- 
nents on  the  bench  and  turn  on  the  transmitter.  It  is  easy 
to  see  where  the  light  passes  through  the  plastic  and 
lens.  Mark  that  spot  and  drill  an  1/8-inch  hole.  You  may 
have  to  enlarge  it  slightly  to  allow  the  whole  beam  to 
pass  through,  but  don't  make  it  any  larger  than  neces- 
sary. You  lose  this  area  when  the  reflected  beam  comes 
back.  Since  the  beam  splitter  is  mounted  at  a 45-degree 
angle  to  the  laser  beam,  the  hole  should  also  be  at  45 
degrees.  Otherwise,  the  beam  will  hit  the  edges  of  the 
hole.  This  should  be  done  after  the  initial  hole  has  been 
drilled.  If  you  used  a hand  drill,  secure  the  plastic  in  a 
vise  with  the  drill  through  the  hole.  Then  carefully  start 
the  drill  and  slowly  move  the  drill  to  the  proper  angle. 
The  edge  of  the  bit  will  cut/ me  it  the  plastic.  If  you  used 
a drill  press,  start  it  up  before  you  manually  twist  the 
plastic,  Use  gloves  or  a drill  press  vise  to  hold  the  plas- 
tic for  safety. 

The  Receiver 

After  a couple  of  attempts  to  build  a simple,  low-cost, 
high-speed  optical  receiver  that  resulted  in  marginal  suc- 
cess, I decided  to  use  the  Sharp  GP1FA551RZ  fiber-optic 
receiver.  It's  very  cheap  — under  $2.50,  It's  simple  to  use 
— three  pins*  Also,  it's  fast,  with  a response  of  13.2  MHz, 
Figure  3 shows  the  circuit,  but  the  actual  receiver  circuit  is 
trivial.  Connect  the  Sharp  1C  to  power  and  ground  and  run 
the  output  to  the  XOR,  Bypass  capacitor  C3  is  required 
(placed  at  the  receiver  1C),  as  the  circuit  will  oscillate 
without  it. 

What’s  with  the  other  three  gates,  though?  What  are 
they  there  for?  They're  not  in  the  block  diagram.  These 
gates  are  needed  to  invert  and  delay  the  reference  signal 


Photo  2*  The  basic  layout. The  base  is  a 12  x I 2-inch 
piece  of  particle  board. 


to  compensate  for  the  delays  in  the  laser  and  receiver.  We 
want  to  measure  only  the  time  it  takes  light  to  exit  the 
laser  and  return.  Unfortunately,  all  electronic  components 
require  some  time  to  operate.  There  are  a few  nanosec- 
onds (ns)  of  delay  from  when  power  is  applied  to  the  laser 
and  when  light  is  emitted.  There  is  also  a delay  from  when 
light  strikes  the  photo  diode  in  the  receiver  to  when  a sig- 
nal is  available  at  the  output  pin.  Surprisingly,  the  receiv- 
er has  a worst  case  delay  of  1 80  ns.  This  is  very  large.  The 
good  news  is  that  the  jitter  — or  delay  variability  — is  typi- 
cally only  one  ns.  Since  13*2  MHz  corresponds  to  a wave- 
length of  about  57  ns,  I figured  that  a realistic  “typical 
delay"  estimate  should  be  no  longer  than  that  (for  a 
strong  signal)*  Therefore,  I chose  to  design  the  delay  cir- 
cuit for  about  60  ns.  (Mote,  you  can  choose  not  to  use 


Photo  4*  This  shows  that  same  pulse  as  in  Photo  3, 
but  with  the  bandwidth  limited  co  20  MHz. 
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delay  compensation.  In  that  case,  all  your  measurements 
will  be  off  by  a fixed  amount.  You  can  subtract  this 
amount  manually  to  find  the  speed  of  light,  but  it’s  not 
very  elegant) 

Let’s  step  through  the  circuit.  First,  you  must  use  a 
Schottky  74S86  (not  the  7486  or  the  74LS86).  The 
74S86  has  a symmetrical,  10-ns,  low-to-high  and  high-to- 
low  delay.  Of  course,  the  other  families  have  different 
propagation  delays.  Remember,  we  want  to  resolve  one 
ns.  The  first  thing  we  do  is  buffer  the  reference  signal.  The 
XOR  with  one  input  connected  to  ground  does  this.  Then 


we  delay  the  signal  with  R1  and  Cl.  This  provides  about 
five  to  20  ns  of  delay.  Then,  the  signal  is  inverted  by  con- 
necting an  input  to  a logic  high.  Next,  we  delay  this  by  five 
to  20  ns  with  R2  and  C2.  Finally,  the  signal  is  buffered 
again  with  the  last  section  of  the  XOR  chip.  The  delay  is 
30  ns  for  the  three  XOR  sections  and  10  to  40  ns  for  the 
delay  circuits  for  a total  delay  of  40  to  70  ns. 

There  are  some  subtle  points  to  note.  Two  resistor- 
capacitor  (RC)  delay  circuits  are  used  because  the  XOR 
output  has  asymmetrical  drive.  It  sinks  much  more  cur- 
rent than  it  can  source.  This  means  that  the  capacitors 
will  discharge  faster  than  they  charge.  If  only  a single  RC 
delay  was  used,  the  rising  edge  would  be  delayed  more 
than  the  falling  edge.  By  using  two  RC  delays  — one  on  an 
inverted  signal  and  the  other  on  a non-in  verted  signal  — 
we  can  control  the  delay  of  each  edge  and  can  make 
the  delays  symmetrical.  (Note,  if  your  receiver  has  a 
significantly  different  delay,  you  may  have  to  adjust  the 
values  of  the  RC  circuits.  For  more  delay,  increase  the 
resistor  and/or  the  capacitor  values,  and  for  less  delay, 
reduce  them.) 

The  other  point  is  a very  useful  property  of  the  XOR 
gate.  A logic  low  at  one  input  means  the  output  follows 
the  other  input.  A logic  high  at  one  input  will  invert  the 
signal  at  the  other  input.  This  means  that  you  can  control 
the  inversion  (or  phase)  of  a signal  with  a logical  value 
without  changing  the  propagation  delay.  If  you  do  a lot  of 
digital  design,  you  will  find  this  little  trick  valuable. 

Unfortunately,  there  is  a problem  with  the  receiver. 
The  actual  1C  is  a small  three-pin  device  buried  in  a large 
plastic  housing,  which  is  normally  mated  with  a fiber 
optic  cable.  It’s  very  difficult  to  align  the  laser  light  to 
shine  deep  into  the  small  hole  used  for  the  cable.  While 
that  is  possible,  it’s  much  easier  to  remove  the  1C  from  the 
housing.  I know  because  1 tried  it  both  ways.  Look  close- 
ly at  Photo  2.  At  the  front  is  a large,  black  component. 
That’s  the  optical  receiver.  If  you  look  to  its  immediate 
left,  you  will  see  a small,  clear,  plastic  object.  That's  the 
actual  receiver  1C  that  has  been  removed  from  the  hous- 
ing. A better  picture  of  the  receiver  and  housing  is  shown 
at  the  bottom  right  in  Photo  1 . 

1 was  successful  in  removing  the  receiver  1C  with  two 
different  methods.  The  first,  shown  in  Photo  1 , was  to  very 
carefully  saw  the  sides  of  the  housing  until  I reached  the 
cavity  that  held  the  actual  1C.  However,  once  I did  that  and 
was  able  to  examine  the  inside  of  the  housing,  I noticed 
that  two  small  retention  barbs  held  the  1C  in  place.  These 
barbs  are  accessible  where  the  IC  leads  exit  the  cavity. 
The  next  time,  I used  an  X-acto  razor  knife  to  cut  these 
barbs  away.  With  a little  inward  pressure  on  the  face  of  the 
1C  through  the  hole  (using  a toothpick)  and  gentle  pull  on 
the  leads,  the  1C  was  removed. 

Setup  and  Operation 
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lens  position  so  that  the  beam  of  light  passes  through  the 
holes.  Then  place  the  corner-reflector  about  five  to  10  feet 
from  the  bench.  While,  in  theory,  the  corner-reflector  can 
be  at  any  angle  to  the  beam,  it's  best  if  the  laser  light  hits 
it  head  on.  This  will  reflect  light  back  and  through  the  lens 
and  beam  splitter.  A white  card  or  piece  of  paper  will  show 
where  the  beam  is  focusing  into  a point.  This  is  precisely 
where  the  optical  receiver  1C  must  be  located.  (Note  that 
you  will  probably  see  two  closely-spaced  points  of  light. 
This  is  because  the  light  reflects  from  both  the  front  and 
back  surfaces  of  the  beam  splitter.  With  1 /8-inch-thick 
plastic,  the  two  points  will  be  about  1/8-inch  apart.  Thinner 
plastic  brings  the  points  closer  together.) 

Once  the  optical  alignment  is  complete,  connect  the 
high-speed  oscilloscope  to  Pin  3 of  the  74S86  (summed 
output).  (1  used  an  oscilloscope  with  a 300  MHz  band- 
width.) In  Photo  2,  you  can  see  that  1 brought  this  out  to  a 
test  point  Connect  the  probe  as  close  to  the  chip  as  pos- 
sible and  do  not  use  a cable  or  a long  length  of  wire. 
Remember,  we  want  to  measure  nanosecond  signals.  You 
should  use  a 10X  probe  for  better  signal  response.  With 
the  corner-reflector  removed,  you  should  see  the  "clock” 
signal,  as  shown  in  Figure  1.  With  the  corner- reflector  in 
place,  you  should  see  the  signal  change  to  the  “output 
pulse”  form  (also  shown  in  Figure  1 ).  You  may  want  to  fine 
tune  the  optical  alignment  with  the  oscilloscope.  A good 
alignment  is  indicated  by  a stable  signal  with  the  narrowest 
pulse  width  (more  on  that  later). 

In  order  to  adjust  the  delay  circuits  properly,  we  need 
to  reflect  the  beam  right  back  from  the  face  of  the  lens. 
Unfortunately,  it!s  difficult  to  do  this  because  the  beam  is 
very  narrow  at  that  point  and  reflects  back  through  the 
holes  in  the  lens  and  beam  splitter  without  reflecting  onto 
the  receiver  IC.  I “cheated”  a little  by 
reflecting  some  of  the  beam  just  as  it 
came  out  of  the  laser  directly  onto 
the  IC.  This  distance  “error"  is  about 
six  inches  (or  about  0.5  ns)  and  1 felt 
that  it  was  insignificant. 

With  a direct  signal  into  the 
receiver  circuit,  adjust  the  capacitors 
so  that  the  output  pulses  narrow  and 
disappear.  At  this  point,  the  delay 
from  the  delay  circuit  exactly  equals 
the  delays  from  the  laser  and  receiv- 
er. (You  may  have  to  fiddle  with  the 
delay-component  values  as  previous- 
ly mentioned.  However,  my  receiver 
worked  well  without  any  component 
adjustments.)  Now,  weYe  ready  to 
actually  measure  the  speed  of  light. 

Results 

Photo  3 shows  a typical  output 
pulse  with  a 300-MHz  ‘scope.  Photo  4 


shows  that  same  pulse  with  the  bandwidth  limited  to  20 
MHz.  As  you  can  see,  you  will  need  a 100-MHz  bandwidth 
for  reasonable  results.  The  corner-reflector  was  placed  10, 
15,  and  20  feet  from  the  optical  bench.  This  means  that 
the  actual  travel  distance  was  twice  that  (out  and  back). 
Here's  what  ! measured: 


Distance 

Delay 

Measured  speed 

Error 

20  feet 

15.2  ns 

249,000  miles/s 

+34% 

30  feet 

27.2  ns 

208,000  miles/s 

+9% 

40  feet 

42.4  ns 

183,000  miles/s 

-1.7% 

Okay,  so  the  results  aren't  all  that  accurate,  but  — for 
$20.00  worth  of  parts  — it  isn't  that  bad.  I suspect  that 
much  of  the  problem  lies  with  the  receiver  delay.  I would 
be  very  surprised  if  the  light  intensity  didn't  have  a sig- 
nificant effect  on  its  delay  (which  is  why  I adjusted  the 
optics  for  the  shortest  pulse).  This  is  evidence  that  the 
intensity  changes  the  delay.  I didn't  measure  this. 
(However,  you  can  do  this  by  keeping  the  corner- 
reflector  at  a fixed  distance  and  changing  the  laser  inten- 
sity with  an  optical  filter.  This  will  provide  “first  order” 
compensation  values  that  can  be  used  to  correct  the 
readings.) 

There  are  a number  of  variations  to  the  design  that  are 
possible.  As  mentioned  before,  a mirror  can  be  used 
instead  of  the  corner-reflector.  In  that  case,  the  beam  split- 
ter and  lens  may  not  be  required  (although  a lens  may  still 
be  helpful).  You  can  measure  the  speed  of  light  in  water  by 
submerging  the  corner-reflector  in  a swimming  pool.  You 
can  always  redesign  the  receiver  using  discrete  compo- 
nents for  better  delay  characteristics. 

Gse  your  imagination.  NV 
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by  Robert  Reed 


Building  a Pulse  Generator 

Design, Troubleshoot,  and  Calibrate  Electronic  Circuits 


If  you  work  with  digital  and  logic  circuits  (and  we  all 
do),  you  will  find  this  instrument  handy  for  design, 
troubleshooting,  and  calibration  of  electronic  cir- 
cuits. Although  I own  a somewhat  expensive  commer- 
cial function  generator,  I find  that  this  pulse  generator  is 
the  one  I reach  for  most  of  the  time.  The  generator  is 
fairly  easy  to  build  and  uses  a straightforward  design. 
It  requires  six  integrated  circuits  and  two  transistors. 
In  addition,  you  will  need  a power  supply  of  15  volts  at 
200  rnA, 

You  may  build  this  unit  as  shown  or  add/ delete  stages 
if  you  prefer  something  more  customized  for  your  needs. 
In  two  years  of  use,  I have  not  felt  any  need  to  change  the 
design,  as  it  has  worked  well  under  all  situations* 

I housed  this  unit  in  a 7 x 4 x 5-inch  box.  If  you  build 
it  exactly  as  shown,  do  not  use  a box  any  smaller  than 
this,  as  you  will  be  crowding  the  front  panel  controls. 
Before  we  get  into  the  construction,  I feel  that  a descrip- 
tion of  the  theory  of  operation  is  in  order. 


Referring  to  the  schematic  (Figure  1 ),  the  heart  of  the 
unit  is  the  G4  rate  generator  and  the  G3B  width  generator. 
The  G4  multivibrator  rate  is  set  in  six  steps  by  capacitor 
selection  of  S6a,  S6b, 

This,  in  turn,  is  varied  by  potentiometer  P2  to  give 
complete  coverage  between  bands.  The  RATE  change 
is  two  microseconds  to  one  second  continuous  with  R9 
and  P2  values  giving  an  approximate  10  percent  over- 
lap between  ranges*  The  square  wave  output  is  sent 
through  G5a,b  (AND  gate),  which  provides  buffering  to 
G4.  One  gate  sends  the  signal  to  J3  (internal  trigger 
out).  The  other  gate  sends  the  signal  to  G2b-P5,  which 
isolates  the  various  inputs  from  each  other  by  an  OR 
gate  function. 

The  positive  edge  from  the  output  of  G2b  triggers 
the  width  generator,  G3b,  Incidentally,  all  of  these  cir- 
cuits are  positive-edge  triggered,  G3b  is  a monostable 
multivibrator,  and  its  output  width  is  determined  by 
capacitor  selection  via  S7a,  S7b.  As  in  G4,  it  is  varied  by 
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potentiometer  P3  (also  providing  a 10  percent  overlap) 
to  provide  continuous  converge  from  one  microsecond 
to  100  milliseconds  in  width.  The  output  of  G3b  is  sent 
through  Q2c  to  the  base  of  Q 1 . In  conjunction  with  S4, 
G5c  and  d provide  the  option  of  positive-  or  negative- 
going  pulses  (G  or  G not)* 

The  pulse  level  at  this  point  is  15  volts  peak,  and 
the  job  of  emitter  follower  G1  is  to  drive  the  pulse-level 
control  P4  and  the  translator  circuit  R14,  R 15  to  operate 
TTL  level  G6  for  the  rapid  rise  and  fall  times  required  by 
this  family  of  circuits* 

From  the  output  of  the  pulse-level  control,  the  pulse 
is  sent  to  G2  via  R16*  G2  is  a current  amplifier  to  drive 
very  low  impedance  loads.  Its  output  impedance  is  on 
the  order  of  10  ohms  and  will  easily  drive  50-ohm  loads 
at  five-volt  logic  levels. 

The  main  output  at  J4  is  AC  or  DC  coupled,  as 
selected  by  S5*  The  output  at  this  point  is  zero  to  14 
volts,  peak.  RI7  is  a pull-down  resistor  to  help  speed 
up  fall  times*  R16  was  arbitrarily  chosen  to  reduce 
overshoot  and  ringing* 

Switch  S2  (run-stop)  provides  several  options*  In  the 
run  position,  the  G4  rate  generator  runs  continuously  and 
provides  the  trigger  for  Q3b.  In  the  stop  position,  G3b  trig- 
gering can  be  any  of  the  following: 


on  the  back  of  it.  I am  not  going  to  dwell  on  power  sup- 
ply construction,  as  you  can  use  any  configuration  you 
like,  even  to  the  extent  of  incorporating  a wall  trans- 
former, if  necessary*  Just  make  sure  that  it  will  fulfill  the 
circuit  requirements  of  18  to  22  volts  and  a minimum  of 


* Externally  triggered  through  J 1 

* Single  shot  triggered  via  S3  (single)  — one  pulse  per 
depression 

* Externally  gated  through  J2 

* Internally  burst  triggered  via  SI  (burst)  — one  burst  per 
depression 


Seetron  Serial  LCDs 

Interface  a sharp  LCD  display  to  your  BASIC  Stamp®  or  other 
micro-controller  project  with  ease.  No- solder  wiring  harnesses 
and  easy  mounting  kits  available  too.  See  www. seetron. corn  today. 


G 1 and  G2  are  identical  high-speed  comparators  and 
will  accept  any  wave  shape  from  DC  to  1 MHz.  Their  input 
voltage  range  is  from  1*3  to  15  volts,  peak,  The  input 
impedances  are  one  megohm.  G3a  is  the  burst  length 
generator  and  will  send  out  one  group  of  pulses  every 
time  SI  is  depressed*  The  actual  amount  of  pulses  is 
determined  by  the  front  panel  control  settings  and  the 
burst-length  time  chosen  by  potentiometer  PI.  In  my  unit, 
I chose  a range  of  0.1  to  20  milliseconds  for  this  circuit. 
You  can  vary  yours  by  changing  the  RC  time  constant  of 
PI,  C3* 

Cl  and  C2  provide  a cheap  means  of  de bounce  for 
the  contacts  of  SI  and  S3,  respectively*  The  main  output 
(J4)  has  a pulse  rise  time  of  10  nanoseconds  and  is  com- 
patible to  complementary  metal-oxide  semiconductor 
(CMOS)  or  bipolar  circuitry*  The  TTL  output  (J5)  is  com- 
patible for  this  type  of  circuitry,  as  mentioned  previously* 
The  features  built  into  this  generator  have  sufficed  for  all 
my  needs* 

Now,  on  to  construction*  As  I mentioned  earlier,  the 
box  I used  would  be  as  small  as  you  want  to  go*  l even 
had  to  mount  most  of  the  power  supply  components  on 
a back  inside  corner  of  it  and  mount  the  power-on  switch 
APRIL  2005 
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200  mA* 

f built  the  actual  circuit  on  a perf  board  with  traces 
that  would  accept  dual  inline  package  (DIP)  sockets,  I 
always  use  sockets  in  my  projects  for  future  modifica- 
tions or  troubleshooting*  This  board  was  3*25  x 5*5  inch- 
es and  was  laid  out  as  shown  in  Figure  2*  Almost  all 


of  the  components  were  installed  on  the  board  with 
the  exception  of  C5  through  Cl 5,  which  I will  address 
shortly, 

G2  was  chosen  for  its  high-speed  operation  and 
power  handling  ability.  Most  high-speed  switching  tran- 
sistors will  work  fine,  and  even  the  lowly  2N3904  per- 
formed satisfactorily  in  this  circuit  06  should  be 
mounted  close  to  this  collector*  No  circuit  layout  prob- 
lems were  encountered  in  this  construction,  even  with 
the  front  panel  wires  grouped  and  laced,  J 1,  J2,  and  J3 
are  all  accessible  through  a cutout  in  the  back  wall  of 
the  housing. 

As  for  the  timing  capacitors,  C5  through  05,  1 
elected  to  mount  these  between  the  decks  of  rotary 
switches  S6  and  S7.  When  the  associated  variable  con- 
trols (P2  and  P3)  are  in  their  calibrated  position  (fully 
counterclockwise),  the  rates  and  widths  will  be  as 
marked  on  the  front  panel  switch  positions.  These  are 
as  follows: 

RATE: 

2 psec,  10  psec,  100  psec,  1 msec,  10  msec,  100  msec 

WIDTH: 

1 psec,  10  psec,  100  psec,  1 msec,  10  msec 
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in  Prentice  Hall  textbooks  and  used 
by  colleges  and  universities 
around  the  world.  Ruggedly 
designed  to  resist  wear,  the 
PRIMER  supports  several 
different  programming 

languages.  A comprehensive  

Self  Instruction  Manual  and  an  l Primer 

Applications  Manual  provides  Training 

lessons,  theory,  and  sample  code  Kit  starting 

for  a number  of  Hands-On  lab  projects,  at  $120.00  usd 

• Scan  Keypad  Input  & Write  to  a Display 
• Detect  Light  Levels  with  a Photocell 
• Control  Motor  Speed  using  Back  EMF 
• Design  a Waveform  Generator 
• Measure  Temperature 
• Program  EPROMs 
• Bus  Interface  an  8255  PPI 
• Construct  a Capacitance  Meter 
• Interface  and  Control  Stepper  Motors 
• Design  a DTMF  Autodialer/  Controller 
• Programming  a Reaction  Time  Tester 
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Circle  #128  on  the  Reader  Service  Card. 


The  variable  controls  will  take  you  from  one  range  up 
to  the  next,  with  a 10  percent  overlap  to  ensure  complete 
coverage*  In  the  calibrate  position,  accuracy  will  depend 
on  how  dose  the  capacitor  values  are  to  the  required 
values* 

On  some  ranges,  l nailed  it  on  the  first  capacitor 
picked,  On  others,  I had  to  sneak  up  on  it  with  two  capac- 
itors (one  large,  one  small),  I aimed  for  one-percent  accu- 
racy on  all  ranges,  and  it  was  not  difficult  to  obtain  this. 
There  is  no  point  in  trying  for  greater  accuracy  than  this, 
as  capacitor  stability  will  not  guarantee  the  timing  will 
remain  that  stable*  If  you  want  greater  stability  and  accu- 
racy, you  will  have  to  use  expensive  polystyrene  or  similar 
capacitors. 

These  extreme  accuracies  are  really  not  necessary,  as 
you  will  usually  be  using  this  unit  in  conjunction  with  other 
test  equipment  (scopes,  etc.)  for  cross-checking*  The 
parts  list  shows  the  target  values  of  capacitors  C5  through 
Cl 5.  These  values  may  vary  in  your  particular  circuit,  but 
offer  a close  starting  point. 

Also,  the  potentiometers  (P2  and  P3)  can  be  shunted 
with  high-value  resistors  to  slightly  alter  their  values  and 
bring  the  low-end  timing  (P2  and  P3,  fully  clockwise) 
more  in  line  with  the  expected  rates  and  widths  at  these 
points.  The  important  function  in  these  two  circuits  is  not 
so  much  that  you  have  front  panel  accuracy,  but  rather 
that  you  have  complete  coverage  across  the  switched 
bands. 

The  actual  output  drive  current  that  the  generator  will 
produce  depends  on  transistor  G2  and  the  duty  cycle  (per- 
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Building  a Pulse  Generator 


eentage  of  time  that  G2  remains  at  a high-level  volt- 
age), For  the  transistor  shown,  it  will  deliver  500  mA 
at  a 10  percent  duty  cycle  with  no  degradation  in 
pulse  specs.  For  an  example,  a 2 N 3904  would  deliv- 
er 100  mA  under  the  same  conditions. 

For  G6  (CMOS  to  TTL  translator),  I used  a hex 
inverter  only  because  it  was  handy.  Any  TTL  gate 
configuration  is  suitable;  just  make  sure  the  output 
remains  non-in  verted  with  respect  to  the  input. 

Upon  completion,  if  you  encounter  problems, 
start  by  checking  the  power  supply  sources  (+15 
and  +5  volts).  Then  look  at  rate  generator  G4  to 
make  sure  it  is  running*  G4  will  run  when  G2a-P9 
is  positive  and  stop  when  itJs  negative.  Beyond 
the  generator  and  due  to  circuit  simplicity,  you  can 
go  stage  by  stage  using  standard  troubleshooting 
techniques. 

When  you  finish  this  project,  you  will  have  a source  of 
pulse  generation  capable  of  a wide  range  of  outputs: 

Rate  — continuously  variable  from  two  microseconds  to 
one  second 

UTdift  — continuously  variable  from  one  microsecond  to 
one  millisecond 


Trigger  — continuous,  single  burst,  internal  or  external 

Output — adequate  drive  for  virtually  any  circuitry  (zero  to 
1 4 volts,  peak) 

Personally,  this  was  an  interesting  and  fun  project  to 
build  and  has  proved  to  be  an  essential  piece  of  gear  to  my 
test  bench.  Take  your  time  building  this,  do  a professional 
job,  and  you  will  be  as  satisfied  as  I am.  NV 
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Technology  Limited 


www.picotech.com/scope259 


The  PicoScope  3000  series  oscilloscopes  are  the  latest 
offerings  from  the  market  leader  in  PC  oscilloscopes 
combining  high  band  widths  with  large  buffer  memories. 
Using  the  latest  advances  in  electronics,  the 
oscilloscopes  connect  to  the  USB  port  of  any  modern  PC, 
making  full  use  of  the  PCs'  processing  capabilities, 
large  screens  and  familiar  graphical  user  interfaces* 


- High  performance:  1QG5/s  sampling  rate 
G 200MHz  bandwidth 


• 1MB  buffer  memory 

• High  speed  USB  2.0  interface 

• Advanced  display  G trigger  modes 

• Compact  & portable 

• Supplied  with  PicoScope  & PicoLog  software 


Tel:  585  385  1750 
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Circle  #135  on  the  Reader  Service  Card. 
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Nuts  & Volts 


Project 


by  Michael  Jeffery 


Universal  Relay  Board 

The  Applications  are  Limitless 


This  universal  relay  board  will  allow  you  to  drive  a 
12-volt  DPDT  relay  using  heat,  cold,  light,  dark, 
sound,  logic-level  voltages,  and  just  about  any 
varying  resistive  output  sensor  you  can  think  of.  In  fact, 
you  can  use  it  to  switch  the  relay  ON  or  OFF  using  any 
voltage  between  zero  to  12  volts  DC  or  any  sensor  that 
has  a varying  output  in  this  range.  This  is  the  ultimate 
relay  board.  It  could  even  be  made  to  run  on  six-  or  24- 
volts  DC  with  a few  resistor  changes  and  the  availability 
of  the  appropriate  voltage  relay. 

I set  out  to  design  this  project  with  simplicity  in  mind; 
I wanted  to  keep  the  component  count  to  a minimum  and 
to  use  the  same  value  components  for  all  configurations 
available.  Size  was  also  a factor  — the  smaller,  the  better. 
There  are  heaps  of  similar  individual  circuits  around  in  kit 
form,  in  books,  or  on  the  Internet,  but  none  that  integrates 
everything  and  allows  the  user  the  flexibility  that  this  cir- 
cuit does  w ith  a minimum  of  fuss. 

First  things  first:  Decide  howr  you  will  configure  the 
relay  (e.g+,  heat,  cold,  sound  or  five-volt  logic,  light  or 
dark).  Then  decide  if  you  want  to  trigger  the  relay  ON  or 
OFF  (e.g.,  hotter  — on,  hotter  — off).  See  the  configura- 
tion details  in  Table  2 to  help  you  make  your  choice. 

Basically,  we  need  a resistive-type  sensor  with  an 
opposing  fixed  resistor  to  form  a varying-input  voltage 
divider  or  a sensor,  etc.,  that  has  a varying  voltage  output. 

Some  Available  Sensors 

Thermistor  NIC 

The  negative  temperature  coefficient  (NTC)  thermistor  I 
have  chosen  is  the  100-kiIohms  type,  which  means  that  at  77 


degrees  F (25  degrees  C)  it  has  a resistance  of  TOO  kilohms. 
The  resistance  of  the  NTC  type  falls  as  it  heats  up,  and  the 
most  common  types  can  be  used  to  measure  temperatures 
from  below  32  degrees  F (zero  degrees  C)  to  just  above 
water’s  boiling  point  at  212  degrees  F (TOO  degrees  C), 
depending  on  the  type  of  NTC  available.  They  are  available 
with  10  and  47  kilohms  resistance  as  most  common,  but 
other  values  are  available,  as  well.  There  are  also  positive 
temperature  coefficient  (PTC)  thermistors  manufactured 
with  opposite  abilities,  though  not  generally  as  common. 

LDRs 

Light  dependent  resistors  (LDR)  rely  on  light  to 
change  their  resistance.  Typical  resistances  for  darkness 
could  be  500  kilohms  to  many  megohms  that  decrease 
to  a few  thousand  ohms  in  bright  light.  Some  may  even 
go  as  low  as  a few  tens  or  hundreds  of  ohms,  depending 
on  the  manufacturer  and  quality. 

Both  the  thermistors  and  LDRs  have  a maximum  cur- 
rent rating,  and  if,  for  example,  a very  bright  light  or  hot 
temperatures  are  encountered,  the  resistance  of  the 
device  may  approach  zero  ohms.  In  this  case,  make  sure 
opposing  resistors  used  do  not  allowr  the  device’s  maxi- 
mum current  rating  to  be  exceeded.  It  is  a good  idea  to 
try  to  match  the  opposing  resistor  to  the  device  used. 

For  a 100-kiIohm  NTC  thermistor,  use  a lOG-kilohm 
resistor,  or,  if  you  need  to  have  an  LDR  sense  the  difference 
in  very  low  levels  of  light,  you  may  like  to  try  a 500-kilohm 
or  a one-megohm  resistor.  This  will  keep  the  range  you  wish 
to  cover  in  the  center  position  of  the  VR1  pot.  A minimum 
of  one  kilohm  for  an  opposing  resistor  will  keep  the  maxi- 
mum allowable  current  to  12  inA.  This  should  be  enough  to 
cover  any  unusual  situations.  The 
VR1  pot  may  be  in  full  lock,  though, 
so  try  to  balance  the  resistances  to  a 
50/50  ratio  within  your  application. 

Circuit  Description 

The  circuit  was  designed  to  run 
on  12  volts  DC,  but  could  be  made 
to  run  on  six  or  24  volts  with  a few 
resistor  changes,  depending  on 
relay  availability.  The  LM358  low- 
power,  dual-operational  amplifier 
chosen  can  run  from  a single  sup- 
ply voltage,  as  opposed  to  split  sup- 
ply, e.g.,  ±12  volts.  The  LM358  has 
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Figure  t.  For  the  optional  LDR  shown  to  the  left,  try  a 500-kilohm  resistor  (R5). 
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Universal  Relay  Board 


an  output  swing  of  almost  full  rail  to  rail;  here  it  is 
12  volts  positive  to  zero  volts  negative.  Only  half 
of  the  LM358  is  used  here  for  all  configurations. 

The  op-amp  is  set  up  as  a non-inverting  com- 
parator in  any  of  the  configurations.  This  means 
that  it  will  toggle  the  output  of  the  LM358  high 
whenever  the  inverting,  negative  input,  Pin  2,  is 
more  negative  than  the  voltage  at  its  positive 
input.  Pin  3.  Otherwise,  it  will  toggle  the  output  low 
when  vice-versa  input  voltages  are  applied.  Via 
VRI,  the  negative  input  can  be  set  to  sense  any 
voltage  from  rail  to  rail  and  positive  to  negative 
{except  in  the  sound-activated  configuration  which 
is  highly  biased  toward  the  negative  rail).  The  tran- 
sition between  high  and  low  output  on  the  LM358 
only  needs  one  of  the  inputs  to  be  around  five  millivolts  high- 
er or  lower,  which  is  very  sensitive.  The  output  of  the  micro- 
phone is  around  100  millivolts  at  its  maximum  output. 

The  output  of  the  LM358  passes  through  D2  IN4148, 
then  charges  up  Cl  (a  1 pF  electrolytic  capacitor),  which 
acts  as  a one  second  sample  and  hold.  It  can't  discharge 
back  through  D2,  but  only  through  R3  by  increasing  the 
value  of  Cl  to  about  47  pF.  As  a result,  you  will  get  a very 
long  latching  effect,  close  to  one  minute  in  length. 

Originally,  1 thought  a junction  field-effect  transistor 
(JFET)  might  be  able  to  drive  the  relay,  but  instead  1 found 
a much  better  option,  the  2M7000.  Therefore,  Rl  was  left 
onboard.  The  reason  for  this  is  that  field-effect  transistors 
(FET)  draw  very  little  current  to  switch  fully;  they  rely  main- 
ly on  the  voltage  on  their  gates  to  work,  Usually,  JFETs  need 
a negative  voltage  on  their  gates  to  turn  off  fully  (below  the 
actual  zero  or  negative  rail),  but  the  2IM70G0  metal-oxide 
semiconductor  field-effect  transistors  (MOSFET)  are  much 
easier  to  use.  Most  JFETs  don't  have  enough  drive  capabili- 
ty for  a relay  anyway. 

The  2M700G  does  not  need 
the  negative  gate  bias.  It  is  actu- 
ally an  M-channel-enhancement- 
mode  MOSFET,  A bi  polar  tran- 
sistor is  unsuitable  in  this  circuit 
(mainly  for  the  microphone  ver- 
sion), as  it  needs  too  much  base 
input  current  to  operate  correct- 
ly, but  a FET  that  only  needs 
voltage  works  fine. 

This  particular  FET  can 
handle  up  to  +30  volts  on  its 
gate  input,  but  it  can't  have  any 
current  driving  it.  More  than  a 
few  milliamps  will  kill  these 
devices  very  quickly. 

The  Rl  serves  several  pur- 
poses. To  save  pow7er,  it  reduces 
the  current  drawn  by  the  relay, 
which  may  be  an  advantage  if  a 
battery  supply  is  used.  Also,  it 
2005 


can  be  used  to  run  the  circuit  a few7  volts  above  the  relay 
voltage  if  needed,  Rl  could  be  replaced  with  a wire  link. 
The  voltage  drop  across  Rl  does  not  affect  the  relay  (it 
could  be  replaced  with  a wire  link),  while  a 200-ohm  resis- 
tor would  be  enough  to  stop  the  relay  from  fully  energizing. 

Other  TO-92  Package  MOSFET  Devices  that  may 
work  are  the  following: 

* Vishay,  TP06 1 0L/VP06 10L/BS250,  1/DS  around  180  mA. 

* VM0300L,  1/DS  around  200  mA, 

* Fairchild  BS170,  1/DS  around  500  mA. 

Check  for  correct  pinouts  before  using  other  devices. 
These  devices  can  be  damaged  by  static  electricity;  take  care. 

If  an  LM358  op-amp  is  not  available,  you  could  try  one 
of  the  many  dual  eight-pin  op-amps,  as  long  as  it  can  run 
on  a single  supply  voltage  and  has  a reasonable  O/P  volt- 
age swing.  Just  check  the  spec  sheet  on  any  other  device 
you  decide  to  use,  as  many  of  these  dual  op-amps  are  pin- 
for-pin  compatible. 
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Which  Sensor  to  Use  ...  Have  You 
Decided  Yet? 

Electret  Microphone 

The  Electret  microphone  has  a small  FET  inside  it  that 
needs  to  be  powered.  This  is  supplied  via  R5,  a 22  kilohm 
resistor.  When  sound  is  detected  by  the  microphones  ele- 
ment (a  tiny  capacitive-plate-charged  disk  inside),  the  built- 
in  FET  amplifies  the  tiny  signal  and  it  is  modulated  against 
the  supply  voltage  from  R5.  Capacitor  C2  (0.22  pF)  picks 
up  this  tiny  modulated  voltage  and  passes  it  to  the 
LM358Ts  non-inverting  positive  input. 

The  sound-activated  section  has  very  little  output 
swing,  so  R7  is  used  to  tie  the  non-inverting  input  very 
loosely  low  to  prevent  the  LM358  from  toggling  when  no 
input  signal  is  present  (but  with  minimal  loading  on  C2). 

Using  sound  as  the  triggering  source  for  the  op-amp  has 
some  drawbacks  because  it  is  not  very  constant.  In  reality, 
the  positive  input  detects  the  audio  peaks,  which  can  move 
in  the  kHz  range  and  is  not  good  for  switching  any  relay  on 
or  off.  Hence,  Cl  is  used.  Also,  because  the  incoming  micro- 
phone voltage  has  a very  small  swing,  R8  (at  one  megohm) 
is  used  to  effectively  stretch  the  voltage  scale  in  the  window 
that  the  negative,  Inverting  input  of  the  LM358  is  referencing. 

D 1 prevents  reverse  voltage  when  the  relay  disengages 
from  destroying  the  FET.  The  LED  has  a 1.2  kilohm  cur- 
rent-dropping resistor. 

To  select  the  LDR  input  for  decreasing  light,  toggle 
“ON.”  For  the  thermistor  to  sense  less  heat,  toggle  “ON.” 

The  opposing  resistor  is  tied  to  high,  positive,  and  the 
sensor  is  tied  to  low,  negative.  Here  on  R5,  a 100  kilohm 
resister  is  used.  R6,  C2,  and  R8  are  wire  links,  and  the  dot- 
ted line  under  C2  is  not  used  here.  R7  is  omitted. 


The  microphone  input,  R5  (at  22  kilohms)  and  R6,  is  a 
wire  link.  The  dotted  link  under  C2  (0.22  pF)  is  not  used,  and 
R8  Is  one  megohm.  For  R7,  10  megohms  is  only  used  here. 

To  use  five-volt  logic  to  turn  on  the  relay,  attach  a 10  kilo- 
hm resistor  to  -R6  and  a 100  kilohm  resistor  to  +R5.  The  junc- 
tion of  these  should  produce  just  over  one  volt  to  ground, 
which  will  hold  the  positive  input  of  the  1C  1 logic  low  until  the 
five-volt  logic  arrives.  If  you  need  a higher  impedance,  try  a 
ratio  of  100KQ/1MI2.  To  use  an  Inverted  logic  voltage,  just 
swap  the  high  and  low  resistors  or  try  R5  = 56K12,  R6  = 39KQ. 
This  will  hold  the  LM358  non-inverting,  positive  Input  high 
until  the  logic  low  arrives.  Now,  use  a wire  link  instead  of  C2 
and  make  (also)  the  dotted  line  below  it,  R8,  a wire  link.  Both 
input  terminals  now  become  the  positive  Input  signal.  You’ll 
need  a ground  point  for  this  Input,  and  there  is  a spare  pad 
available  just  below  R6.  R7  is  omitted.  Adjust  VR1  to  set  the 
exact  voltage  level  needed.  (Both  of  the  usual  Input  terminals 
become  linked  to  provide  a junction  point  for  R5  and  R6.) 
Both  C2  and  the  dotted  line  under  it  need  to  be  wire  links  here. 

Using  the  Voltage  Divider 
Option  as  the  Input 

To  activate  the  relay  using  any  input  voltage  from  zero 
to  12  volts  (user  defined),  select  the  input  voltage  to  be 
just  above  for  ON  or  just  below  for  OFF.  R5  and  R6  then 
hold  the  positive  input  of  the  LM358  slightly  higher  or 
lower  than  the  incoming,  user-defined  input-voltage  signal, 
allowing  the  relay  to  toggle  on  or  off  when  it  does.  Fine 
tune  this  using  VR1,  which  may  end  up  being  very  offset 
the  closer  you  get  to  the  positive  or  negative  supply  rails. 

Voltage  Divider  Definition: 

Two  resistors  in  series  connected 
across  a voltage  source.  The  voltage 
at  the  common  junction  is  a fraction 
of  the  total  applied  voltage,  deter- 
mined by  the  resistor  values. 

eg:  Pos  Neg  = < side  connected  to 
10KU  + 10K£2  = 1 /2-supply  voltage 
2K LI  + 8KQ  = 3/ 4-supply  voltage 
8K L2  + 2K12  = 1 /4-supply  voltage 

All  are  measured  between  the 
junction  and  the  Neg/Zero  supply 
rail.  You  can  have  more  than  two 
resistors.  Three  resistors,  for  example 
will  produce  a window  voltage;  eg.,  20 
volts  supply,  10KQ  + 5K£~2  + 10KU 
will  produce  “four  volts”  across  the 
five  kilohm  resistor  — 2/5  + "1/5”  + 
2/5  of  the  total  supply.  But  this  volt- 
age has  no  direct  reference  to  either 
supply  rail,  as  it  is  floating  some- 
where in  between. 


The  Standard  for  checking 
Capacitors  in-circuit 

Good  enough  to  be  the 
choice  of  Panasonic, 
Pioneer,  NBC,  ABC,  Ford, 
JVC,  NAS  A and  thousands 
of  independent  service 
technicians. 

Inexpensive  enough  to  pay  for  itself  in  just 
one  day’s  repairs.  At  SI  99,  it’s  affordable. 

And  with  a 60  day  trial  period,  satisfaction 
guaranteed  or  money-back  policy,  the  only 
thing  you  can  lose  is  all  the  time  you’re 
currently  spending  on  trying  to  repair  all 
those  dogs  you’ve  given  up  on. 


Locate  shorted  or  leaky 
components  or  conditions 
to  the  exact  spot  in-circuit 

Still  cutting  up  the  peb, 
and  unsoldering  every 
part  trying  to  guess  at 
where  the  short  is? 

$199 

Your  DVM  shows  the  same  shorted  reading  all 
along  the  pcb  trace.  LeakS  eeker  82B  has  the 
resolution  to  find  the  defective  component. 
Touch  pads  along  the  trace,  and  LeakSeeker 
beeps  highest  in  pitch  at  the  defect’s  pad.  Nowr 
you  can  locate  a shorted  part  only  a quarter  of 
an  inch  away  from  a good  part.  Short  can  be 
from  0 to  1 50  ohms 

LeakSeeker  82B 


CapAnalyzer  88A 

Available  at  your  distributor,  or  call  56 1-487-61 03 

Electronic  Design  Specialists  www.eds-inc.com 


52 


APRIL  2005 


Universal  Relay  Board 

Voltage  Cut  Out/I n Setup 

Here,  a zener  diode  and  resistor  take  the 
place  of  R5  and  R6,  To  use  the  relay  as  a low- 
volt  age  cut  out/in  for  a 12-volt-car,  NiCad, 

NmHi,  or  other  battery,  you  will  need  a zener 
diode  and  a resistor  — one  to  10  kilohm  — as 
the  value  isn’t  critical.  The  zener  needs  to  be 
at  least  a volt  or  so  lower  than  the  cut  out/in 
voltage  you  want  to  use. 

Low  voltage  cut  out 

Setting:  zener  to  positive,  reversed  biased, 
of  course,  resistor  to  negative.  Drop  the  total 
supply  to  the  voltage  needed  and  set  VR1  just  OFF.  Restore 
full  supply  voltage,  when  the  supply  is  reduced  to  the  cut-out 
voltage,  the  relay  will  go  OFF. 

High  voltage  cut  off 

Setting:  zener  to  negative,  still  reversed  biased,  resistor 
to  positive.  Raise  the  total  supply  to  the  voltage  needed;  set 
VR1  just  OFF.  Lower  the  supply  voltage.  When  supply  is 
raised  to  the  cut-out  voltage,  the  relay  will  go  OFF.  Here, 
C2  is  a link  and  the  dotted  line  below  it,  R8,  is  a link,  R7  is 
omitted,  and  the  input  terminals  are  not  used  here. 


Note  this  configuration  will  only  work  for  voltages  around 
±3  volts  at  1 2 volts  and  around  ±2  volts  at  six  volts,  where  you 
will  need  a six- volt  relay.  The  circuit  has  to  have  enough  volt- 
age to  activate  the  correct  voltage  relay,  but  not  so  much  as 
to  cook  the  relay.  Try  bypassing  R1  if  you’re  under  the  relay 
voltage  or  leaving  it  in  place  if  just  over  the  relay  voltage. 

Now,  because  the  supply  voltage  is  not  constant  in 
both  the  above  instances  and  the  zener  is,  the  zener 
becomes  the  only  constant  in  the  circuit.  The  circuit  is  vir- 
tually flipped  upside  down  with  the  zener  becoming  the  ref- 
erence and  the  rest  of  the  circuit  becoming  the  varying 
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Project 


input.  That's  the  easy  explanation! 

Assembly 

The  assembly  should  be  fairly  straightforward,  as  there 
are  not  that  many  components.  Take  the  usual  precautions 
to  check  component  polarity  and  orientation.  A protection 
diode,  D3  1N40G4,  was  added  at  the  last  minute;  it  could  be 
bypassed/bridged,  if  you  like.  There  are  microphone  mount- 
ing pads  beside  each  input  screw  terminal  pad,  but  you 
might  like  to  use  fine  wire  to  mount  the  microphone  until 
you  work  out  the  sensitivity  you  need.  If  you  need  maximum 
sensitivity,  mount  the  mic  off  the  printed  circuit  board  to 
prevent  the  relay  vibration  from  false  triggering  itself.  If  a 
nine  mm  pot  is  unavailable,  use  a five  mm  trimmer  pot. 

Testing  the  Sound  Activated 
Section 

All  testing  should  be  done  with  Cl  (1  pF)  omitted; 
this  will  make  it  easier  to  see  what’s  going  on,  as  VRI  set 


to  about  three-quarter-clockwise  position  should  give 
maximum  sensitivity.  Rotating  it  clockwise  a little  bit  will 
fully  toggle  on  the  LM358  output,  while  rotating  counter- 
clockwise will  give  a gradual  gain  reduction  due  to  R8, 
Without  it  you  would  get  a drastic  gain  reduction  that 
would  instantly  snap  OFF. 

Once  IC1  goes  briefly  high,  Cl  holds  this  voltage  for 
a second  or  so,  preventing  the  relay  from  trying  to  switch 
at  audio  frequencies.  Cl  also  helps  smooth  out  any  relay 
chatter  that  can  occur  when  using  an  LDR  at  the  transi- 
tion point;  an  incandescent  light  source  can  cause  this. 

When  setting  up  the  microphone  version  particularly 
near  the  very  maximum  sensitivity  end  of  the  scale,  move 
VR1  slowly  and  allow  a second  or  so  for  the  circuit  to  set- 
tle for  best  results.  The  sound  activated  relay  version  was 
not  designed  to  activate  with  constant  low-level  speech, 
as  this  would  make  the  circuit  unusable  in  a practical 
sense  (it  would  be  constantly  going  on  or  off).  The  circuit 
needs  a slight  audio  peak  to  trigger.  The  best  response  is 
from  percussion-type  sounds  mostly  — clicks,  pops, 
thumps,  etc.  In  some  cases,  the  relay  clicking  on  and  off 

may  re-trigger  itself.  Vibration 
travels  fairly  well  through  a cir- 
cuit board;  I have  had  the  relay 
coil  singing  to  the  microphone 
in  a feedback  loop.  The  sensitiv- 
ity of  the  circuit  may  be 
increased  slightly  by  mounting 
the  microphone  off  the  circuit 
board. 

If  you  need  to  have  the  sen- 
sor or  microphone  some  distance 
away  from  the  circuit  board,  you 
should  use  shielded  wire  to  avoid 
any  noise  induced  into  the  cable. 
The  pad  below  R6  can  be  used  for 
the  shield  wire  In  this  case. 

Testing  the 
LDiyThermistor 
Activated  Section 

As  mentioned  earlier,  try  to 
get  a balanced  resistor/sensor 
resistance.  This  will  give  you  a 
better  ± rotation  (midway)  on 
VR1  for  fine-tuning  later.  As  a 
starting  point,  you  may  like  to 
measure  the  resistance  of  the 
LDR  or  thermistor  at  the  tem- 
perature or  light  level  you  want 
the  relay  to  activate  at,  then 
pick  a resistor  that  is  close  to 
this  value. 

If  you  happen  to  end  up 
with  a very  low  resistance  on 

APRIL  2005 


Parts  List 

Rl 

1 00Q,  see  text 

R2 

1 MQ 

R3 

3 3 KQ 

R4 

1 .2  KQ 

RS 

22  KQ  mic  only  or  IQQKQ,  see  text 

R6 

1 00  KQ  or  link,  see  text 

R7 

10  MQ  sound  option  only 

R8 

1 M Q o r wi  re  1 i n k for  the  r mi  s to  ir/  LD  R/vo  1 tage 

VRI 

1 00  KQ  9 mm  pot  or  5 mm  trimmer  linear  — RadioShack  Cat  # 27 1 -284  (5mm) 

Thermistor 

100  KQ  NTC  or  see  text  — RadioShack  10  KQ  NTC  Cat  #271-1  10 

LDR 

ORPI  2 or  equiv,  — RadioShack  Cat  # 276- 1 657 

Cl 

1 pF  electrolytic,  see  text 

C2 

0.22  p!F  monolithic,  mic  Input  only  — RadioShack  1 .0  pF  Cat  # 272- 1 09 

Dl  D3 

1 N4004  — RadioShack  Cat  # 276- 1 103 

D2 

1 N4 148  — RadioShack  Cat  # 276- 1 1 22 

QE 

2N7000  N-channel  MOSFET  or  equivalent 

ICI 

LM358  op-amp 

LED 

Color,  your  choice 

Mic 

Electret  microphone,  two-wire  — RadioShack  Cat  # 270-90 

REL 

DPDT  1 2 V DC  relay  or  S V,  6 V,  24  V DC  if  available 

Terminals 

PCB  mount  screw  terminals,  1 x 6 or  2 x 2 for  professional  looking  job. 

PCB 

Clinch  universal  relay  PCB 

To  fit  the 

project  in  a small  box,  a low-profile  relay  is  needed:  they  are  available  at  slightly 

higher  cost. You  may  also  need  to  do  a small  amount  of  filing  near  the  PCB  mounting  holes  to  clear 

the  internal  lid 

mounting  pillars  of  the  box. The  VRI  pot  needs  a small  hole  drilled  in  the  lid  to  pno- 

trude  through 

or  cut  its  shaft  down  slightly,  but  be  careful.  You  may  also  want  a hole  for  the  LED. 

If  you’re  using  an  1C  socket,  please  use  a machined  pin  type.  Six-  and  24-volt  relays  are  also 

available;  with  ; 

a few  resistor  changes,  you  could  run  the  board  at  five,  six,  or  24  volts  DC. 

If  you  feel  the  need  to  correctly  terminate  the  unused  op-amp  in  the  LM358,  you  could  have 

a look  at  this  web  page:  www.max1m-1c.com/appnotesxfm/appn0te_nunr1ber/ 1 957 

The  components  are  commonly  available  at  the  usual  electronic  suppliers.  1 can  supply  a 

quality  PCB  with  top  overlay  and  solder  mask  for  the  project. 

Price:  PCB  @ $8.00  each  Jnduding  GST,  plus  $4.00  P&H  in  Australia.  Prices  may  come  down; 

check  website  for  availability. 
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Universal  Relay  Board 


The  Applications  are  Limitless,  So  Get  Your 
Imaginations  Into  Gear  and  Have  a Got 

Possible  uses  could  include: 

• Battery  protection  for  cars,  low  voltage  accessory  cutout 

• Battery  charger  (NrmHi,  MiCad,  SLA)  cutout/warning,  heat  monitoring,  overvoltage 

• Baby  monitor  using  microphone  input 

• Garden  light  controller,  sunset  activation 
•Aquarium/incubator  heater  control  or  failure  warning 

• Power  failure  warning  (battery  backup  supply  needed),  use  voltage  divider  input 

• Fire  warning,  connected  to  security  system 

• Intruder  sensor,  use  LDR/LED  beam,  etc.,  in  a security  system 

• Hand  clap  activated  switch,  breaking  glass  sensor  in  a security  system 

• Peltier  device  control,  fridge,  or  incubator 

• Garage  door  opener  (LDR  in  a tube),  set  to  activate  with  car  high  beam  lights 
•Voice-activated  switch:  for  an  intercom, CB  radio, transmitter,  etc. 

• Computer  automation  of  other  devices  using  logic  voltages 

•Toxic  gas  detection  using  a metal  oxide  range  of  gas  detection  sensors 


your  sensor,  you  can  cheat  a little  by  adding 
a one-  to  10-kilohm  resistor  in  series  with  the 
sensor,  but  also  add  an  equal  value  to  the 
fixed  resistor*  Try  some  experimenting  with 
resistor  values;  you  can  get  quite  creative  and 
produce  very  wide  or  narrow  windows  for 
temperature  sensitivity,  etc*  Just  remember 
sensor  current  ratings,  though.  Remember  to 
maintain  a 50/50  sensor/ resistor  ratio  for 
better  ±VR1  rotation* 

Table  2 shows  some  examples  of  ther- 
mistor resistance/temperature  resistances* 

Don't  forget  to  replace  Cl  after  setup* 

If  you  are  interested,  the  relay  can  be 
made  to  self-latch  by  taking  the  spare  pad 
between  the  relay  and  VR1  and  connecting  it 
to  one  of  the  relays'  normally  open  (NO)  ter- 
minals. Linking  pads  are  provided  onboard. 

The  matching  “C”  common  terminal  is  then  taken  to  the 
Neg  supply  rail*  By  doing  this,  you  effectively  bypass  the 
PET  G1  after  it  has  initially  engaged  the  relay*  You  need  to 
insert  a switch  in  this  connection  to  break  the  circuit  to 
release  the  relay  and  reset  it* 

The  current  rating  of  the  left-hand  set  of  relay  contacts 
is  only  rated  at  around  two  amps  due  to  the  circuit  board 


track  width.  The  circuit  draws  just  under  one  mA  at  12 
volts  on  standby,  45  mA  with  the  relay  and  LED  on,  and 
about  62  mA  if  you  use  the  latching  option  when  the  FET 
is  bypassed* 

Note:  For  best  results , use  a regulated  power  sup- 
ply, with  microphone  option  especially.  MV 


(Shown  with  optional  controller) 


4WD  “ 4 servo  motors! 

Rug  ged  const  r uction 
High  traction  over  carpet, 
concrete,  grass,  and  more! 
Nibbed  rubber  tires  <2.5") 
Multiple  1/4"  thick  decks 
Over  60  square  inches 
of  mounting  space 
Measures  6.75  x 5", 
and  4*5"  tall 
Available  in  colors 
Add  your  own  microcontroller, 
sensors,  video  camera,  GPS 
or  other  electronics 


Robots  for  the  Rest  of  Us 


WWW.  E UDGETROiOTICSi  C 


* Built-in  screw  terminals 

* Easy-to-use  USB 

* Everything  included 

* Use  with  C,  VB,  LabVIEW,  etc. 

* Windows  98SE/ME/20QQ/XP 


* 12-bit  analog  inputs  (8) 

* 1 0-bit  analog  outputs  (2) 
20  digital  I/O 

* 32-bit  counter 


A* 


Made  in  Colorado,  USA,  by  LabJack  Corp. 
info@labiack.com.  (303)  942-0228 
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Selected  Titles  for  the  Electronics  Hobbyist  and  Technician— 

The  Nuts  & Volts  Hobbyist  Bookstore 


Microcontrollers 


Robotics 


Electronics 


Programming  & Customizing 
PICMicro  Microcontrollers 

by  Myke  Pnedko 
This  book  is  a fully 
updated  and  revised 
compendium  of  PIC 
programming  informa- 
tion. Comprehensive 
coverage  of  the 
PIC  Ml  Eeros1  hardware 
architecture  and  soft- 
ware schemes  will 
complement  the  host 
of  experiments  and 
projects  making  this  a true  "learn  as  you 
go"  tutorial.  New  sections  on  basic  elec- 
tronics and  basic  programming  have  been 
added  for  less  sophisticated  users,  along 
with  10  new  projects  and  20  new  experi- 
ments. The  CD-ROM  contains  all  source 
code  presented  in  the  book,  software  tools 
designed  by  Microchip  and  third  party  ven- 
dors for  applications,  and  the  complete 
data  sheets  for  the  PIC  family  in  PDF  for- 
mat. $49,95 
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PICMicro  Microcontroller 
Pocket  Reference 

by  Myke  Predko 
Device,  code,  and  circuit 
data  on  one  of  the  most 
popular  microcontrollers 
around  — it's  in  your 
pocket  with  this  guide. 

You’ll  never  again  get 
stuck  in  the  World  Wide 
Wait  or  shuffle  through 
coffee- stained  printouts, 
looking  for  the  facts  you 
need.  Short  on  verbiage 
and  long  on  facts,  this  is 
the  ideal  data  tool  for  the  experienced 
applications  designer.  $29,95 


PICMicro 
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Programming  & Customizing  the 
8051  Microcontrollers 

by  Myke  Predko 
For  work  or  fun  — 
projects,  exercises,  and 
insights  on  the  world's 
most  popular  microcon- 
troller. Over  30  experi- 
ments and  13  complete 
projects  demonstrate 
the  805  1 s capabilities. 

The  CD-ROM  gives  you 
all  the  software  you 
need  to  begin  develop- 
ing 8051  applications. This  tutorial/disk 
package  is  unique  in  providing  you  with  a 
complete  understanding  of  the  8051  chip 
compatibles,  along  with  all  the  information 
needed  to  design  and  debug  tailor-made 
applications.  Programming  & Customizing  the 
8051  Microcontroller  details  the  features  of 
the  8051  and  demonstrates  how  to  use 
these  embedded  chips  to  access  and  con- 
trol many  different  devices.  $44,95 
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CNC  Robotics 

by  Geoff  Willi  arms 
Written  by  an 
accomplished  workshop 
bot  designer/builder, 

CNC  Robotics  gives  you 
step-by-step,  illustrated 
directions  for  designing, 
constructing,  and  testing 
a f u 1 !y  fun  c ti  o n a I CNC 
robot  that  saves  you 
80%  of  the  price  of  an 
off-the-shelf  bot  — and  can  be  customized 
tO'  suit  your  purposes  exactly  because  you 
designed  it.  $34,95 


Robotics  Demystified 

by  Edwin  Wise 

McG  raw-  HilllPs 
Demystified  titles  are  the 
most  efficient,  interest- 
ingly written  brush-ups 
you  can  find.  Organized 
as  self- teaching  guides, 
they  come  comjplete 
with  key  points,  back- 
g no  und  i nfor mat i o n , 
questions  at  the  end  of 
each  chapter,  and  even 
final  exams. This  complete  self- teaching 
guide  takes  an  introductory  approach  to 
robotics, guiding  readers  through  the 
essential  electronics,  mechanics,  and  pro- 
gramming skills  necessary  to  build  their 
own  robot.  $ 1 9,95 


robotics 


123  Robotics  Experiments  for 
the  Evil  Genius 

by  Myke  Predko 
This  book  provides 
1 23  steps  needed  to 
bring  out  the  genius  in 
every  basement  hob- 
byist! if  you  enjoy  tin- 
kering in  your  work- 
shop and  have  a fasci- 
nation for  robotics, 
you’ll  have  hours  of 
fun  working  through 
the  123  experiments 
found  in  this  innova- 
tive project  book.  Each  experiment  builds 
on  the  skills  acquired  in  those  before  it,  so 
you  develop  a hands-on,  nuts-and-bolts 
understanding  of  robotics  — from  the 
ground  up.  Don’t  miss  out  on  these  imagi- 
native experiments  that  teach  the  basics! 
$24,95 


WE  ACCEPT  VISA,  MO , AIUIEX, 
and  DISCOVER 

Prices  do  not  include  shipping  and 
may  be  subject  to  change. 

Ask  about  our  10%  subscriber 
discount  on  selected  titles. 


Build  Your  Own  Electronics 
Workshop 

by  Thomas  Petruzzellis 
The  Oectrono 
Workbench  was 
created  to  assist  the 
newcomer  in  the 
field  of  practical 
electronics  through 
the  creation  of  a 
personal  electronics 
workbench.  It  is  a 
place  specially 
designed  so  that 
readers  can  go 
there  to  work  on  an 
electronic  project,  such  as  testing 
components,  troubleshooting  a device,  or 
building  a new  project. The  book  includes 
invaluable  information, such  as  whether  to 
buy  or  build  test  equipment,  howto  solder, 
how  to  make  circuit  boards,  how  to  begin 
to  troubleshoot,  how  to  test  components 
and  systems,  and  how  to  build  your  own 
test  equipment  complete  with  appendix  5c 
resources,  etc, This  is  THE  book  for  anyone 
entering  the  field  or  hobby  of  electronics. 
$29,95 


Engineer's  Mini  Notebook 
Collection 

by  Forrest  M.  Mims  III 


Volume  / features 
more  than  two 
dozen  555  timer- 
circuits  that  you 
can  build. 
$10,95 


Volume  2 — Study 
rain,  lightning, 
clouds,  sunlight, 
water,  temperature, 
and  much  more! 
510,95 


Volume* 

*39.,  99  12=3 
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V fyintols  & Circuit 


Volume  3 — Learn 
about  important 
sensors  and  use 
them  to  build  cir- 
cuits and  projects. 
$10.95 


Vb/ume  4 includes 
frequently  used 
electronic  formulas, 
tables,  circuit 
symbols,  and  more! 
$10,95 
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Call  1-800-783-4624  today!  Or 

order  online  at  www.nutsvolts.com 


PRACTICAL 
ELECTRONICS 
FOR  INVENTORS 


Practical  Electronics  for  Inventors 

by  Paul  Scherz 
The  first  edition  of 
Practical  Electronics  for 
Inventors  was  phenome- 
nally successful  and 
popular  among  elec- 
tronics hobbyists  and 
“tinkerers."  This  is  a 
fairly  "tight"  group,  and 
when  they  noticed 
some  errors  in  the 
book,  they  were  fairly 
vocal  in  wanting  to  see  errata. The  result? 

A new  and  improved  book  that  has  been 
completely  updated,  with  several  readers’ 
suggestions  for  improvement  incorporated 
inside. These  new  additions  will  make  this 
title  even  MORE  appealing  to  the  loyal 
market.  $39*95 

Electricity  Demystified 

by  Stan  Gibilisco 
In  Electricity  Demystified, 
best  selling  science  and 
math  writer  Stan 
Gibilisco  provides  an 
effective  and  painless 


way  to  improve  your 
understanding  of  the 
electricity  that  powers 
so  much  of  modern 
life. With  Electricity 
Demystified^  you  master 
the  subject  one  simple  step  at  a time  — at 
your  own  speed. This  unique  self-teaching 
guide  offers  quizzes  and  tests  at  the  end 
of  each  chapter,  and  section  to  pinpoint 
weaknesses,  and  a 70 -question  final  exam 
to  reinforce  the  entire  book.  If  you  want 
to  build  or  refresh  your  understanding 
of  electricity,  here's  a fast,  entertaining, 
self- teaching  course  that's  really 
electrifying!  $19*95 


Electronics  Demystified 

by  Stan  Gibilisco 

Mow  anyone  with  an  < 

interest  in  electronics 

can  master  it  by  read-  eleCttO/liCS 
ing  this  book.  In 
Electronics  Demystified , 
best  selling  science  and 
math  writer  Stan 
Gibilisco  provides  an 
effective  and  painless 
way  to  understand  the 
electronics  that  power 
so  much  of  modern 
life. With  E/ettrofiJts  Demystified,  you  master 
the  subject  one  simple  step  at  a time  — 
at  your  own  speed. This  unique  self- 
teaching guide  offers  problems  at  the  end 
of  each  chapter,  and  a section  to  pinpoint 
weaknesses,  and  a 70-question  final  exam 
to  reinforce  the  entire  book.  If  you  want 
to  build  or  refresh  your  understanding 
of  electronics,  here’s  a fast  and  entertaining 
self-teaching  course  that’s  completely 
current.  $19.95 
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Digital  Electronics  Demystified 

by  Myke  Predko 

Mow,  anyone  can 


digital 

electronics 


gain  a deeper  under- 
standing of  digital 
electronics  — 
without  formal  train- 
ing, unlimited  time,  or 
a genius  IQ.  In  Digital 
Electronics  Demystified, 
electronics  expert 
and  author  Myke 
Predko  provides  a 
totally  painless  way  to 
learn  enough  digital  logic  and  electronics  to 
build  your  own  projects!  With  Digital 
Electronics  Demystified,  you  master  the 
subject  one  simple  step  at  a time  — at 
your  own  speed. This  unique  guide  offers 
problems  at  the  end  of  each  chapter  and 
section  to  pin-point  weaknesses  and  a 100- 
question  final  exam  to  reinforce  the  entire 
book.  So,  if  you're  looking  for  an  enjoyable 
route  into  digital  logic  and  electronics,  let 
D/g/ftfi  E/ectroti/cs  Demyst/fied  be  your  short- 
cut! $19*95 


Electronic  Circuits  for  the 
Evil  Genius 

by  Dave  Cutcher 
In  Electronic  Circuits  for 
the  Evil  Genius , the  read- 
er gains  valuable  experi- 
ence in  circuit  construc- 
tion and  design  and  in 
learning  to  test,  modify, 
and  observe  results. 

Bonus  website  www.bo 
oks.mcgraw-hilLcom/j 
authors/cutcher  pro- 
vides animations, 
answers  to  worksheet  problems,  links  to 
other  resources,  WAY  files  to  be  used  as 
frequency  generators,  and  freeware  to 
apply  your  PC  as  an  oscilloscope.  $24.95 
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Home  Computing 

USB  Complete,  Second  Edition 

by  Jan  Axe  Ison 
Every  recent  PC  has 
Universal  Serial  Bus 
(USB)  ports.  In  USB 
Complete , Jan  Axel  son 
shows  how  to  design 
and  program  devices 
that  use  USB  to  com- 
municate with  PCs. 

Learn  how  to  select  ; 

USB  controller  chip 
that  fits  your  project ~ 
and  budget,  how  to  write  program  code  to 
manage  USB  communications  in  your 
device,  and  how  to  write  Visual  Basic  and 
Visual  C++  applications  that  exchange  data 
with  your  devices.  Explore  how  the  inter- 
face works  from  the  ground  up  and  learn 
how  to  create  devices  that  communicate 
reliably  with  all  PCs.  $49.95 
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The  PC  Doctor’s  Fix  It 
Yourself  Guide 

by  Adrian  Kingsley-Hughes 
In  Trie  PC  Doctor's  Fix 
It  Yourself  Guide, 
you  get  advice  and 
solutions  for  solving 
a myriad  of  PC  prob- 
lems, including  expert 
tips  on  researching 
solutions  on  your 
own.  Learn  how  to 
maintain  your  com- 
puter, keeping  it 
in  good  working 
condition, and  how  to  upgrade  and  install 
new  software  safely.  Troubles  hoot  Linux, 
Windows,  and  personal  devices,  use  the 
Internet  effectively  as  a problem-solving 
tool,  get  up  to  speed  on  computer  security, 
and  set  up  small  home  and  wireless 
networks. The  companion  website 
provides  additional  support.  $29*99 

Embedded  Ethernet  and  Internet 
Complete 

by  Jan  Axelson 
Learn  how  to  design 
and  program  devices 
that  host  Web  pages, 
send  and  receive  e- 
mail,  and  exchange  files 
using  FTP  Put  your 
devices  on  the  Internet 
and  monitor  and  con- 
trol your  devices  from 
across  town  or  around 
the  world.  Or  create 
private,  local  networks  that  enable  your^ 
devices  to  share  information,  send  com- 
mands, and  receive  alarms  and  status 
reports.  Plus:  learn  about  Ethernet  con- 
trollers, hardware  options  for  networks, 
networking  protocols,  and  howto  keep 
your  device  firmware  and  data  secure. 
$49*95 


High  Voltage 

Homemade  Lightning:  Creative 
Experiments  in  Electricity 

by  R.  A.  Ford 
Enter  the  wide-open 
frontier  of  high-voltage 
electrostatics  with  this 
fa  sc  E nati  ng,  exp  e r i men  t- 
fil led  guide. You  II  discover 
how  to  make  your  own 
equipment,  how  electricity 
is  used  in  healing,  and 
how  experiments  in  high 
potential  physics  work! 

$24*95 
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If  you  don’t  see  what  you  need  here, 
check  out  our  online  store  at 

www.nutsvolts.com  for  a complete 
listing  of  the  titles  available. 
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Nuts  & Volts 


See  more  surplus  electronic  goodies  at: 

www.  shooa  twindsor.com 


25  Watt  UHF  RF  Power  Amp 


New.  heavy  duty  UHF 
power  amp  assembly.  10 
mW  in  for  25  W out! 

Commercial  quality  with 
built  in  PIN  antenna 
switch  and  low  pass  fil 
ter.  Tuned  for  550 MHz. 
acd  5 parts  (included)  for 
440  MHz  Ham  band.  On 
big  1n  thick  3 lb  aluminum  heat  spreader!! 
0133086R  $49.95 


Electroluminescent  Light  Panel 


Electroluminescent  light  panel 
as  used  in  LCD  backlights, 


runs 

on  75  140  VAC.  Soft  dhs 
ideal  for  nite  lights  or  fancy  fight 
ing  projects,  runs  great  on  regu 
lar  AC  fine  voltage.  Size  2.75"  x 
1.25"  and  just  a few  hairs  thick! 

Super  neat  great  project  item!! 

013351 2R  Bag  of  25  pcs!.. $5.95 


X 


CCFL  Florescent  Light  Inverter 


New  power  inverter 
drives  2 lamps  up  to 
5W  each!  Simple  to 
use,  12  VDC  in,  con 
nect  florescent  iamps 
to  output.  Module  gen 
lamp 


e rates  correct  starting  and  oi 
current  and  is  even  afmmable) 

0128520R $9.95 


LED  BLOWOUT!!! 


Here's  a deal  that  just  will  not  last  long  Wind 
sor's  LED  Blowout!  Super  high  quality,  factory 
prime  bright  LEDs.  Ideal  for  all  those  projects 
that  you've  wanted  to  build,  but  just  didn  t have 
the  Quantity  of  LEDs  needeo.  You  will  not  find 
pricing  like  this  ever  again  we  bought  out  two 
factory  inventories!  Here's  the  scoop:  Big  bag  o 
leds  have  500  pcs  and  are  all  RED  jumbo  5 mm 
size  with  crystal  clear  bulbs.  You  pick  the  lumi 
nous  intensity,  bear  in  mind  that  the  2500  mcd 
high  bright  units  are  flashlight  intense!  Big  buy 
ers  will  love  the  2 .000  LED  boxes!  These  LEDs 
are  the  smaller  T 1 size  with  full  leaos.  available 
in  Red  or  Green.  Imagine  2.000  Leds  for  less 
than  a penny  each! 

0131 288R  High  Bright  5D0pc  bag 
0131 292R  Standard  Bright  500  pc  bag 
0130956R  Box  o leds  Red  2.000pcs 
01  309aqR  Box  o lees  Green  2. 000 pcs 


$19.95 

$14.95 

$19.95 

$19.95 


Windsor’s  Blue  LED  Special 


nrf’T 


Holy  Smokes’  Can  you  believe  the 
price  on  this  BLUE  LEDs?  First 
quality  from  our  factory  buyout.  Big 
and  bright!  These  normally  sell  for 

^ $1 .50  each  and  that's  in  big  quanti 

ties!  We're  crazy  to  sell  'em  so  cheap!! 
0131297R  5Qpcs  $19.95 

0131297 5O0pcs $99.95 
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Laser  Scanner 

Bar  Code  Module  I Laser  Fiber  Optic  Transmitter 


Brand  new  HP  Agilent  model 

. LST2829  Laser  transmitter  mod 

“ ule.  Capable  of  622  MB/s  data 
rates,  1 mW  output  power,  1300 
nm  wavelength,  includes  on  chip 
)ower  monitor  diode.  These  are 
ligh  end  quality  lasers  and  not 
often  found  on  the  surplus  mar 
ket!  Two  style  available.  A:  32" 
long  thin  pigtail  fiber  and  B:  16” 
long  encased  fiber.  Each  has  the 
same  electrical  specs.  Price:  $9.95  each 
Item  A:  0128526R  Item  B:  0128536R 


Wow!  What  a a cool  item! 
Brand  new  laser  scanner 
module  (size  1x1x1 .5"!)  includes  red  laser,  beam 
splitting  mirror,  opamps,  photo  sensor,  transistors, 
processor,  IGs,  etc.  From  handheld  laser  barcode 
reader.  We  sold  out  of  the  last  style  we  had!  No 
specs,  but  buyers  figured  out  the  hook  up  for  the 
last  group,  we'll  post  on  the  web  any  new  info  on 
this  one,  should  be  easy,  has  just  1 2 pins  on  the 
connector.  Styles  may  vary. 

0131346R $14.95 


Piezoelectric  Alarm 


WOW,  is  this  thing  LOUD’  Runs 
on  2 1 2 VDC  and  draws  mere 


mil  I iamps,  103db  output!  Rotat 
ing  bezel  allow  easy  volume  con 
trol  too!  1.25"  di a and  1.5"  long. 
Google  for  specs:  Bell  Audio! arm  XC  V09  212  S 
0132165R $4.95 


Watch  Camera  Button  Battery 


OUIS.  HQ  (551* 


’n.EPXTS 


Popul  ar  watch/photo  battery  at 
a dynamite  pr  ice!  Brand  new 
Eveready  EPX76/SR44  same 
size  as  LR44/AG1 3 as  used  in 
I ase  r p o i n te  rs , toys  etc  bu  t 
Silver  Oxide  with  better  life  and 
specs  at  the  store,  these  go  for  over  $2  each!! 
01 33D87R  Big  tray  of  100  pcs!! $9.95 
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Windsor 


WINDSOR  DISTRIBUTORS  COMPANY 

19  Freeman  Street 
Newark . New  Jersey  071 05  3708 
Ph ; 973  344  5700  Fax : 973  344  3282 


DIKBVER 


ORDERING  INFO:  Shipping  and  insurance  charges  made 

Email.  Orders 
cards  will  only 
itacf 


Laser  Fiber  Optic  Transceiver 


New.  by  Infineon.  Has 
laser  tr  ansmitter  and 
receiver  in  one  package! 

1 .25  Gb/s  data  rate  up  to 
700  M on  low  cost  multi 
mooe  fiber!  Super  small 
size,  complete  specs  on 
the  web.  Make  your  own  fiber  optic  link! 
0125461  R (Setof  two) $19.95 


Tiny  Beeper  Speaker 


Star  PMX  04 B beeper  speaker 
as  used  in  cell  phones  and 
pagers.  Only  1/2"  dia,  easily 
orive  from  micro  or  single  tran 
si stor  driver  c i rcu it  i n cl u o e d I 
01 330 88 R Group  of  5 pcs $2.00 


C size  Nicad  Battery 


This  is  the  real  deal,  a true  2 A Hr 
Nicad,  Button  top  works  in  any 
device  too!  Brano  new  by  Sanyo. 
01 30380 R $2.00 


Nicad  Battery  Stick 


New  4.8  V 500  maH  Nicad 
battery.  01 3351 1R $4.00 


after  order  is  packed.  Ybu  Will  be  notified  by  E 

under  $25  add  $5.00  small  order  fee.  Credit  c _ 

be  authorized  on  US  and  Canadian  banks.  Please  conte... . 
Windsor  regarding  payment  instructions  for  other  countries. 
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Ion  Generator 


Its  super  easy  to  build 
your  own  Ion  Breeze  air 
purifier!  New  module, 


120  VAC  in,  7.5KV  out!  Surplus  from  air- 
cleaner  maker  who  sold  them  for  $200! 
0128873R  $7.95 


Rechargeable  Battery  Blowout! 


Popular  Nicad  batteries,  1.25V  AH  brand  new. 

A.  B,  D are  NiCad,  C is  NiMH.  A has  no  sleeve. 
A:  AAA  400m ah  0125339R  2 for  $1.00 

B : AAA  250  m ah  01 33089R  5 for  $3.00 

G:  3.6  Volts  750m ah  0125348R  2 for  $3.00 

D:  AA  7 00m ah  01321 63R  5 for  $3.00 


Nicad  Battery  Pack 


Brand  new  high  power  oensi 
ty  rechargable  battery  pack.  6 
v ol  ts,  6 50  m a H r . Sp  ace  s av  ^ 

ing  rectangular  shape  approx  | 

2x1x0.75"  with  6"  wire  leads. 

0132161 R $4.95 


Nice,  new  5 AA  cell  nicad 
pack.  6 Volt  700m ah  with  6" 
wire  leads.  Great  for  projects 
or  cordless  phone  replace 
ments. 

0125345R $2.50 


Big  box  of  50  brand  new 
AA  button  top  NiCads.  Fit 
anywhere  an  AA  battery 
does.  1.25V  800m ah. 
Best  price  in  the  USA’ 

01 28870 R $19.95 


Lithium  Ion  Rechargeables  !! 


Rechargeable 
Lithium  catteries 
pack  the  highest 
Density  of  power 
for  size  and 
weight!  Ideal  rec 
tangular  size  is 
easy  to  fit  in  your 
project.  All  3.6 
Volt  and  approx  rated  Amp  Hour  capacity. 

' 01 25337 R SI. 50 


A:  1 Ah  1.95x1 .34X.4” 

B : _8Ah  1.95X.1.34X.25" 
C:  ,8Ah  R95x1.24x.23" 


01 25349  R $1.25 

O125350R $1.25 


Ls-J 


Truck  Stereo 


New  in  dash  cassette 
stereo  AM/ FM  radio,  LCD 
display,  drives  4 speakers 
(80  watts’)  Even  has 
Weather  band’  Quality 


fully  enclosed  case,  easy  hookup,  great  for  in 
wall  home  installations’  Runs  on  12  VDC. 


01 28872 R $29.95 
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Handy  Tool  Set 


Well  made  quality  3 piece 
plier  set.  Includes  deluxe 
padded  zipper  case.  Pliers 
are  big  8”  in  size,  you  get: 
needlenose,  diagonal  and 
lineman  style  with  handy 
crimper  and  stripper  dies  on 
each  tool!  Get  a few  for  the 
car,  gifts  and  toolbox,  they 
are  that  nice! 


0128871 R $12.95 
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UM-ISL  CRYSTALS 

Saelig,  Inc.,  announces  GM-1SL, 
a new  range  of  slim  crystals 
designed  for  use  in  handheld  and 
portable  communications  applica- 
tions, where  their  small  size  and 
profile  allows  them  to  be  easily 
incorporated  into  equipment 
designs.  The  new  (JM-1SL  crystals 
are  manufactured  in  Europe  by 
Euroquartz,  and  the  crystal  blank 
used  in  the  GM-1SL  package  is  capable  of  being  manufac- 
tured to  close  tolerances  and  is  readily  produced  to  custom 
frequencies  and  specifications. 

(JM-ISL’s  crystals  are  housed  in  a hermetically  sealed, 
low-profile,  low-mass,  UM-style  package,  measuring  7 x 8 x 
1.8  mm.  A wide  frequency  range  is  available  from  eight  to 
40  MHz  in  fundamental  mode  and  up  to  260  MHz  in 
overtone  mode.  Specifications  include  calibration 
tolerance  at  25  degrees  C of  ±3  ppm,  frequency  stability 
over  temperature  from  ±23  ppm  (-10-  to  +60  degrees  C)  to 
±20  ppm  (-5  to  +1 05  degrees  C),  shunt  capacitance  of  four 
pF  typical  (seven  pF  maximum),  equivalent  series 
resistance  from  25  to  80  (depending  on  frequency), 
maximum  drive-level  of  100  mnW,  and  aging  of  ±2  ppm 
maximum  for  the  first  year  (±1  ppm  maximum  per  year 
thereafter).  Load  capacitance  is  from  eight  to  32  pF  or  can 
be  specified  by  the  customer. 

Supplied  bulk  packed,  Euroquartz’s  new  GM-1SL 
crystals  are  available  for  operation  over  a variety  of 
temperature  ranges,  encompassing  zero  to  50  degees  C to 
-55  to  +105  degrees  C. 

For  more  information,  contact: 

SAELIG  CODING* 

Tel  585-385-1750 
Email:  info@saelig.com 
Web:  www.saelig.com 

Circle  #159  on  the  Reader  Service  Card. 


TEST  PATTERN  GENERATOR 

Offered  exclusively  by  MCM,  the  Tenma  HDTV/ PC  Test 
Pattern  Generator  (MCM  part  #72-7985)  is  the  ideal 
low-cost  solution  for  installation,  calibration,  and  servicing 
of  today's  high-resolution  display  devices.  This  compact 
unit  provides  DVI,  PC  (VGA  through  SXGA)  and  (Y/Pb/Pr) 
HDTV  component  video  outputs.  With  the  addition  of  a 
separately  available  adaptor  cable,  this  unit  is  also  compat- 
ible with  HDMI  inputs.  Features  of  the  Multi-Media  Pattern 
Generator  include:  28  static  and  dynamic  video  test  pat- 
terns; PC  output  resolutions  from  640  x 480  through  1280 
x 1024  (VGA,  SVGA,  XGA,  SXGA);  HDTV  output  resolu- 
tions from  480p  through  1080i  (480i,  576i,  480p,  567p, 

APRIL  2 005 


720p,  1080i);  simple,  intuitive,  push-button,  on-screen 
menu  control:  included  cables  for  connection  to  DVI,  VGA, 
and  component  video  monitors;  and  rugged  EMI-shielded 
steel  enclosure.  The  unit  is  very  compact,  measuring  only 
7 x 7 x 1,2  inches. 

With  a suggested  list  price  of  $650.00,  the  Tenma 
HDTV  Multi-Media  Pattern  Generator  offers  a pattern 
assortment  and  quality  that  is  comparable  to  units  costing 
three  times  as  much.  Ease  of  use  and  affordability  make 
this  unit  a must  have  for  virtually  every  A/V  professional. 
For  more  information,  contact: 

MCM 

Tel  800-543-4330 
Web:  www.mcminone.com 

Circle  #44  on  the  Reader  Service  Card. 


CMOS-BASED  VOLTAGE 
REGULATOR/DETECTOR 

Seiko  Instruments'  S- 1701 

series  is  a CMOS-based 
device  that  integrates  a volt- 
age regulator  and  detector 
into  one  composite  package 
design. 

The  small  SOT-23-5  and 
SOT-89-5  package  designs 
provide  for  high-density 
mounting  and  are  ideal  for 
applications  where  installation 
space  is  restricted.  Typical  applications  include  power 
supplies  and  reset  circuits  for  battery-powered  devices, 
power  supplies  for  personal  computers,  and  as  power 
supplies  for  home  appliances. 

This  robust  unit  has  a ripple  rejection  ratio  of  70  dB, 
low  current  consumption,  an  output  voltage  accuracy  of 
±1,0  percent,  and  a built-in  on/off  circuit  that  prolongs 
battery  longevity.  Both  the  output  and  detection  voltage 
are  selectable  in  0, 1 -volt  steps  ranging  from  1 3 to  5.0  volts 
and  1.5  to  5.5  volts,  respectively,  A low  ESR  1 .0  jliF  or  more 
ceramic  capacitor  can  be  utilized  as  the  output  capacitor. 
The  regulator  block  has  a built-in  over-current 
protector  and  an  operating  voltage  range  of  2.0  to  6.5 
volts,  while  the  detector  block  has  three  time-delay  settings 
(no  delay,  50  ms,  or  100  ms)  and  an  operating  voltage 
range  of  0.8  to  6.5  volts. 

The  S- 1 701  series  of  voltage  detectors  are  priced  from 
$0,38  in  quantities  of  10,000,  Full  technical  specifications 
are  available  at  their  website. 

For  more  information,  contact: 

SEIKO  INSTRUMENTS 

Web  www.sii-ic.com 

Circle  #65  on  the  Reader  Service  Card. 
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SMART  BATTERY 
MONITOR 

At  me  I"-  Corporation  introduces 
the  AT mega406,  its  first  high- 
voltage  technology  AYR"  microcon- 
troller implementing  full  two-  to  four- 
cell Lithium  Ion  smart  battery  moni- 
toring and  protection  on  a single 
chip.  Lithium  Ion  (Li-ion)  is  the  bat- 
tery chemistry  of  choice  for  high- 
end  portable  applications  such  as 
laptop  PCs,  cell  phones,  and  digital 
cameras,  due  to  its  high-energy-per- 
weight-and-volume  ratio,  combined 
with  a high-load  current. 

To  enable  the  ATmega406  to  be 
powered  directly  from  a two-,  three-, 
or  four-cell  Li-ion  configuration,  the 
device  includes  an  on-chip  voltage 
regulator  allowing  the  device  to  be 
powered  from  four  to  25  volts.  It  also 
features  three  25- volt-tolerant  FET 
drivers  for  charge,  discharge,  and 
pre-charge,  as  well  as  on-chip  FETs 
for  cell  balancing. 

To  provide  the  most  accurate 
estimate  of  charge  left,  the  device 
has  a Coulomb  Counter  ADC 
with  an  1 8-bit  output  for  battery 
current  monitoring  as  well  as  a 12- 
bit  ADC  for  individual  cell  voltage 
and  temperature  monitoring.  Both 
ADCs  use  high-accuracy  on-chip 
voltage  reference.  Battery  protection 
is  autonomous,  providing  the  end- 
user  with  the  best  safety,  as  MC ti- 
re la  ted  issues  such  as  a code 
runaway  or  a software  bug  do 
not  affect  it.  Adding  communication 
periphery  and  an  efficient  MCO 
architecture,  ATmega406  is  the 
first  fully  configurable  single-chip 
smart  battery  solution  on  the 
market 

Battery  protection  is  implemented 
as  independent  circuitry,  not  requiring 
the  MCO  to  operate.  If  the  device  is 
exposed  to  an  over-current  or  short- 
circuit  condition,  the  autonomous 
battery  protection  will  shut  off  the 
affected  FET,  Likewise,  if  any  cell 
voltage  drops  to  a potentially 
damaging  voltage  level,  ATmega406 
will  automatically  prevent  further 
battery  discharge  by  shutting  down 


the  discharge  FET  and  going  to  a 
power-off  mode, 

A reliable  estimate  of  charge 
left  can  be  used  to  extend  battery 
life  by  allowing  the  battery  to  use  all 
its  power*  The  ATmega4G6?s 
Coulomb  Counter  and  Voltage  ADC 
are  custom-made  for  optimal 
current  and  voltage  tracking, 
essential  for  an  accurate  and 
reliable  estimate  of  charge  left.  The 
current  resolution  of  the  Coulomb 
Counter  over  the  recommended 
five-megohm  sense  resistor  is  0,67 
mA,  allowing  measurements  of 
more  than  ±30A,  Both  ADCs 
benefit  from  a very  accurate 
internal  voltage  reference,  with  less 
than  ±0,1  percent  error  over 
temperature  after  calibration. 

With  40  KB  of  Flash  program 
memory,  5 1 2 bytes  of  EEPROM  for 
data  parameter  storage,  and  two 
Kbytes  of  internal  SRAM  for 
program  data,  ATmega406  packs 
the  algorithm  processing  power 
necessary  to  implement  battery 
monitoring  and  management  for  a 
full  fou  r-cell  laptop  PC  battery  pack 
configuration.  The  device  includes  the 
SM-bus  interface  for  communication 
with  the  host  application,  and  Atm  el’s 
self-programming  Flash  allows 
battery  firmware  upgrading  through 
this  or  any  other  interface,  providing 
the  most  flexible  design  solution  on 
the  market. 

All  parts  of  the  ATmega406  are 
optimized  for  extremely  low  power 
consumption,  drawing  less  than  1.2 
mA  in  active  mode  and  less  than 
two  uA  in  power-off  mode. 

A full  suite  of  development  tools 
supports  ATmega406,  including  the 
JTAG1CE  mkll  emulator,  and  a 
smart  battery  development  kit.  The 
ATmega406  is  available  in  LQFP  48- 
pin  packages  and  pricing  starts  at 
$2.75  for  volumes  above  I00K, 

For  more  information,  contact: 

ATMEL  CORPORATION 

Tel  (408)  441-03  I I 
Email:  hmao@atmel.com 
Web  www.atmet.com 

Circle  #51  on  the  Re.ider  Service  Card. 
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PIC  VIDEO 

PART  1:  Video  Text  Overlay 
With  a PIC  Microprocessor 


BY  ROBERT  LANG 


One  of  the  things  that  has  always  interested  me  is 
the  ability  to  superimpose  text  on  a TV  picture. 
Since  the  early  days  of  the  microprocessor,  a way 
to  interact  with  text  has  been  a requirement.  In  the  days 
before  computer  monitors  (yes,  there  was  a time),  one  of 
the  first  such  devices  was  Don  Lancaster's  TV  typewriter. 

In  the  late  1970s,  if  you  built  your  own  home  computer 
from  a kit,  the  TV  typewriter  was  one  of  the  few  input/out- 
put devices  available  at  a reasonable  cost,  but  it  could  not 
superimpose  text  on  a picture,  only  text  on  a black  back- 
ground. Well,  my  TV  typewriter  has  been  in  the  closet  for 
many  years,  and  I pulled  it  out  the  other  day  to  take  a look 


Figure  I.  The  original  TV  typewriter. 


at  it.  The  TV  typewriter  uses  68  integrated  circuits  to  display 
text  on  a TV  screen,  but  1 think  that  the  chip  count  can  be 
improved  upon  with  a modern  microprocessor. 

One  of  the  things  I have  shied  aw?ay  from  since  get- 
ting involved  with  electronics  is  TV  interfacing.  No  doubt, 
I was  scared  off  by  the  complexity  of  the  original  TV  ty  pe- 
writer, To  overlay  textual  information  on  a TV  picture,  tim- 
ing is  everything.  The  microprocessor  must  put  out  infor- 
mation at  exactly  the  right  point  when  the  proper  line  on 
the  TV  screen  is  being  drawn.  Fear  not,  this  can  nowr  be 
accomplished  with  three  integrated  circuits.  We  will  build 
a unit  that  can  superimpose  text  data  on  a TV  picture  and 
use  an  RS-232  interface  to  update  the  text.  After  we  com- 
plete the  unit,  we  will  use  it  to  explore  the  world  of  sublim- 
inal messaging. 

Standard  Television 


The  National  Television  Standards  Committee 
(NTSC)  sets  the  analog  television  standard  for  the  GS; 
this  format  itself  is  also  informally  called  NTSC  and  is 
described  on  their  website  listed  in  Reference  1 , While 
standard  for  the  GS,  it  has  also  been  adopted  in  other 
countries,  as  well,  such  as  Japan,  while  many  countries  in 
Europe  use  phase  alternation  line  (PAL),  The  NTSC  for- 
mat consists  of  29.97  (nominally  30)  interlaced  frames  of 
video  a second,  each  consisting  of  480  lines  of  vertical 
resolution  out  of  a total  of  525  (the  rest  are  used  for  sync 
and  vertical  retrace).  Thus,  the  horizontal  scan  frequency 
is  525  x 29,97  or  15,734  Hz,  Each  scan  line  takes  approx- 
imately 63.5  microseconds.  NTSC  interlaces  its  scan 
lines,  drawing  odd  numbered  scan  lines  in  odd  numbered 
fields  and  even  numbered  scan  lines  in  even  numbered 
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fields,  which  gives  a nearly  flicker-free 
image  at  59,94  Hz  (nominally  60  Hz) 
refresh  frequency.  This  is  close  to  the  60  Hz 
alternating  current  power  used  in  the  CIS. 

Once  we  complete  the  adding  of  the  text 
to  a picture  signal,  another  interesting  appli- 
cation for  the  circuit  is  subliminal  messag- 
ing. A subliminal  message  is  one  that  is  dis- 
played for  a short  time  — normally  one  frame 
or  a 30th  of  a second,  so  that  it  does  not  reg- 
ister in  the  conscious  mind.  Let  me  say  first 
that  f am  a skeptic  in  this  area,  but  a 1973 
Federal  Communications  Commission 
(FCC)  investigation  determined  that  an 
advertiser  had  broadcast  a subliminal  mes- 
sage — “Get  It”  — in  a television  commercial, 
so  the  FCC  proceeded  to  outlaw  subliminal 
messaging  in  commercial  television. 

Enter  the  LM  1 88 1 N 
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The  first  chip  we  will  use  is  from  the 
LM1881  family  of  video  sync  separators. 

Costing  about  $2.50,  the  LM1881  N is  an  eight-pin  integrat- 
ed circuit  (1C)  designed  to  strip  the  synchronization  infor- 
mation from  composite  video  sources  such  as  MTSC  or 
PAL,  An  external  resistor,  R1,  allows  the  LM1881  to  be 
adjusted  for  source  signals  with  line  scan  frequencies  dif- 
fering from  the  15.734  kHz  GS  broadcast  standard. 

Four  major  sync  signals  are  available  from  the  1C 
when  processing  the  composite  video  signal  (a),  shown  in 
Figure  2:  composite  sync  including  both  horizontal  and 
vertical  scan  timing  information  (b),  vertical  sync  pulse 
(c),  color  burst  pulse  (d),  and  odd/even  output  (e).  The 
odd/even  output  level  identifies  which  video  field  of  an 
interlaced  video  source  is  present  at  the  input.  The  outputs 
from  the  LM1881  can  be  used  to  gen  lock  video  camera 
signals  with  graphic  or  text  information  from  a micro- 
processor, We  will  only  use  signals  (b)  and  (c), 

Maxim  233 

The  second  chip  in  our  trio  is  the  Maxim  233  dual- 
channel, RS232  driver/receiver  chip.  This  chip  provides 
the  interface  between  the  zero  to  five  volt  world  of  the 
microprocessor  and  the  -12  to  +12  volt  world  of  the  RS-232 
personal  computer  serial  interface.  While  this  chip  may 
seem  overly  expensive  at  about  $5.00,  it  has  the  advan- 
tage of  not  requiring  any  external  components  (no  elec- 
trolytic capacitors  to  buy),  and  it  runs  off  of  five  volts  only. 

Microprocessor 

The  third  integrated  circuit  in  the  project  is  the 
Microchip  1 6F873-16F877  microprocessor  running  at  20 
MHz.  At  20  MHz,  the  microprocessor  has  an  instruction 
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Figure  2.  LM  1 88 1 N waveforms. 


cycle  time  of  200  nanoseconds.  The  microprocessor  is 
about  $7.00  and  has  eight  kilobytes  of  reusable  program- 
ming memory  and  368  bytes  of  data  memory. 

The  programming  for  the  video  text  display  does  not 
take  much  of  the  programming  memory  (772/8192)  or 
the  data  memory  (125/368),  so  there  is  plenty  of  space 
for  adding  additional  features.  Data  memory  is  arranged 
into  two  or  four  banks,  depending  on  whether  the  micro- 
processor is  a 16F873  or  a 16F877.  The  program  is  writ- 
ten to  only  store  data  in  Banks  0 and  1 , leaving  Banks  2 


Figure  3*  Video  camera  for  PICVIDEO. 
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and  3 for  additional  data  storage. 

The  video  memory  that  contains 
the  scan  line  dot  patterns  for  the  dis- 
play is  stored  in  Bank  1;  13  charac- 
ters x 7 bytes  per  character  = 9 1 bytes 
of  the  96  bytes  of  Bank  1 ’s  memory 
are  used.  Bank  0 contains  all  other 
program  variables  and  a total  of  34  of 
the  96  bytes  are  used.  Banks  0 and  1 
are  used  because  Bank  0 can  be 
addressed  directly  with  no  RPQ,  RP 1 
switching,  while  Bank  1 can  be  used 
for  indirect  addressing  with  no  IRP 
switching.  The  coding  is  written  to  be 


usable  on  16F873  through  16F877 
microprocessors. 

The  video  timing  signals  are  sup- 
plied by  the  LM1881  chip.  Because 
the  video  text  information  must  be 
added  to  the  other  video  information 
with  great  timing  precision,  interrupts 
will  be  used  in  the  microprocessor  pro- 
gramming. By  using  interrupts,  we 
can  cause  the  microprocessor  to  stop 
what  it  is  working  on,  output  a scan 
line  of  video  text  information,  and  then 
return  to  what  it  was  doing  before. 
Also,  because  we  want  to  control  the 
execution  of  the  instruc- 
tions very  precisely,  we  will 
use  assembly  language. 

Building  the 
Hardware 


This  appeared  to  be  a 
fairly  simple  circuit  using 
only  three  integrated  cir- 
cuits, so  I decided  to  build 
it  on  a breadboard.  The 
video  feed  was  from  a 
cheap  black  and  white 
video  camera  that  cost 
about  $40.00  and  is  shown 
in  Figure  3.  The  PICVIDEG 
works  equally  well  with  a 
color  video  camera.  Figure 
4 shows  the  final  wiring  dia- 
gram for  the  project,  while 
Figure  5 shows  the  com- 
pleted breadboard  ready 
for  testing. 

If  your  television  does 
not  have  a video  input, 
you  will  need  to  purchase 
an  RF  modulator  and  con- 
nect it  to  the  TV  antenna 
input.  An  RF  modulator  is 
about  $5.00  and  can  be 
purchased  from  the 
source  in  Reference  2, 
Remember  that  many 
video  recorders  have  a 
built-in  RF  modulator  that 
generates  a TV  signal  for 
Channels  3 or  4,  A w?all 
wart  supplies  the  14  volts 
DC  used  to  run  the  sys- 
tem, A 7812  voltage  regu- 
lator supplies  12  volts  to 
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PART  1:  Video  Text  Overlay  With  a PIC  Microprocessor 


the  TV  camera  and  the  RF  modulator,  while  a 7805  voltage 
regulator  supplies  five  volts  to  the  integrated  circuits* 

Jaggies  and  Jitter 

The  initial  design  used  a 20  MHz  crystal  oscillator  to 
drive  the  microprocessor.  One  of  the  problems  I ran  into 
was  what  some  people  call  the  jaggies,  shown  in  Figure  6. 
This  was  a horizontal  back  and  forth  motion  of  the  charac- 
ters as  if  they  were  doing  the  hula.  With  cheap  black  and 
white  TVs  and  cameras,  there  is  a certain  amount  of  noise 
in  the  circuit,  but  — even  with  better  grade  equipment  — the 
hula  was  still  there*  I believe  this  was  due  to  the  interrupt 
latency  of  the  Microchip  microprocessors. 

The  Microchip  specification  states  that,  “For  external 
interrupt  events,  such  as  the  INT  (RBO)  pin,  the  interrupt 
latency  will  be  three  or  four  instruction  cycles*  The  exact 
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latency  depends  on  when  the  interrupt  event  occurs  rela- 
tive to  the  clock  cycle/1  This  means  that  there  may  be  a 0.2 
microsecond  difference  in  when  the  data  on  the  screen 
starts  for  different  scan  lines,  based  on  whether  the  laten- 
cy for  that  scan  line  was  three  or  four  instruction  cycles. 
The  0.2  microsecond  is  the  time  it  takes  the  microproces- 
sor to  output  one  dot  on  the  screen,  which  is  about  the 
amount  of  hula  action  shown  in  Figure  6. 


Figure  4.  Schematic  diagram  for  PIC VI DEO. 
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Nuts  & Volts 


PIC  VIDEO 


Figure  5.  PICVIDEO  on  breadboard. 

ABOUT  THE  AUTHOR 


Robert  Lang  is  a professional  electrical  engineer  interested  in 
embedded  microprocessors , MIDI  ond  music.  He  has  written  severe/ 
articles  for  electronic  hobbyist  computer,  and  synthesizer  magazines. 
He  can  be  reached  at  rlang@netdoor.com 


Two  things  were  done  to  try  to  minimize  the  hula 
action.  First,  the  microprocessor  was  pushed  to  its  maxi- 
mum clock  speed  and  beyond,  I operated  the  micro- 
processor at  24  MHz,  Second,  I doubled  the  width  of  the 
screen  characters  to  minimize  the  hula.  The  dot  stretching 
is  accomplished  by  inserting  no-operation  instruction 
(MOP)  after  each  dot  display  is  started  on  the  screen,  I 
also  tried  several  variations  on  a phase  locked  loop,  but 
these  were  unsuccessful.  One  of  the  pitfalls  of  using  a 
non-standard  clock  speed  is  that  the  value  of  SPBRG  has 
to  be  estimated  from  the  Microchip  equation: 

Baudrate  = Clockspeed  / (16  * (SPBRG+1)) 

I came  up  with  the  value  of  SPBRG  to  equal  77,  and  BRGH 
to  equal  one.  This  gives  an  approximate  19200  baud  rate 
on  the  serial  line  using  a 24  MHz  microprocessor  clock. 

Conclusion 

Mow,  with  the  hardware  built,  we  are  ready  to  program 
the  microprocessor  and  test  the  unit,  which  we  will  do 
next  month.  While  the  TV  typewriter  is  functional,  more 
useful  applications  include  superimposing  information  on 
the  video  screen,  such  as  the  time  or  temperature,  in  iLPIC 
Video,  Part  2, 11  we  will  discuss  some  possible  applications 
for  PICVIDEO  and  explore  the  wonderful  world  of  sublim- 
inal messaging,  NV 


Part 

Description 

Source 

Rl 

1 /4-watt,  680-Kilohm  resistor 

Reference  2 

C 1 , C3 

0. 1 -jiF  capacitor 

Reference  2 

C2 

470-pF  capacitor 

Reference  2 

R2,  R3,  R5,R6,  R7 

1 74-watt,  580-Q  resistor 

Reference  2 

R4 

1 QQQ-Q  potentiometer 

Reference  2 

D2 

1 N91 4 diode 

Reference  2 

C4,C5 

1 Q-pP  capacitor 

Reference  2 

D 1,  D3 

LED 

Reference  2 

Ul 

1 6 FS77  microprocessor 
(pre  programmed) 

Reference  3 
Reference  4 

U2 

LM  1 83 1 N video  sync  separator 

Reference  2 

U3 

Maxim 23 3 dual  RS-232  transmitter/receiver 

Reference  2 

XI 

24  MFHz  crystal 

Reference  5 

SW2 

SPST  switch  (NORMAL) 

Reference  2 

SWI 

Momentary  contact  switch  (RESET) 

Reference  2 

RFI 

RF  modulator  (if  your  TV  does  not  have  a 
video  input  and  you  have  no  video  recorder) 

Reference  2 

TV  1 

Video  camera 

Reference  2 

Table  2.  PICVIDEO  parts  list. 
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QUALITY  Parts 


FAST  Shipping 
DISCOUNT  Pricing 


CALL,  WRITE,  FAX  or  E-MAIL 

for  a FREE  96  page  catalog. 

Outside  the  U.S.A.  send  S3.00  postage. 


COOLERS  W/ THERMAL  CUT-OFF 

New  thermoelectric  devices, 
prepped  with  a temperature  cutoff 
switch.  Originally 
intended  for  12Vdc  use  ] 
in  picnic  and  automotive 
coolers/  heaters. 

1 27  the  rm  oco  u p les  pe  r — — 

device.  deltaTmax=79degC,  Thot=50degC, 

Vmax=16.1V. 

30MM  x 30MM  x 3.3MM  $Q7  5 

Qmax=38.7  Watts,  lmax=3.9A.  Wf  each 
CAT#  PJT-5 


10  for  $9.00  each 


40MM  x 4GMM  x3.8MM 
Qmax=56  Watts,  lmax=5.6A 
CAT#  PJT-6 


$12 


75 

each 


10  for  $11.75  each 


40MM  x 44MM  x3.3MM 
Qmax=80.6W,  lmax=8.lA 

CAT#  PJT-7 


$14E 


10  for  $13.75  each 


LED  LIGHT  SHOW,  20  BARS 

1 7 I 

Originally  marketed  as  Christmas  lights, 
these  LED  covered  bars  make  excellent  atten- 
tion-getting marketing  displays  or  disco -type 
lighting.  In-line  pattern  generator  provides 
more  than  24  different  light  effects  including 
chasing,  burst,  wagon  wheel,  rain  fall,  progres- 
sive and  pulsating.  Each  11  foot  long  circuit 
has  20  bars  and  cannot  be  daisy-chained.  The 
green  6.511  long  bars  each  have  8 leds:  2 red, 
yellow,  amber  and  green  (160  LEDs  total). 
Each  bar  has  two  mounting  holes.  Includes  5 
Vdc  2 Amp  wall  power  supply. 

CAT#  LVL-2  . 

,50 


Case  of  12  for  $4.75  each 


$5 


each 


12  VDC  1.25 A SWITCHING 
POWER  SUPPLY 

Phihong 

# PSA15W-1 20. 

Input:  100-240  Vac, 

0.4  Amps.  Output: 

12  Vdc,  1.25  Amps. 

3'  cord  with  right-angle 
2.1mm  coax  power  plug,  center  +. 
Detachable  AC  power  cord  included.  IIL, 

CSA,  CE.  Ct*fl*l85 


QPLY 


CAT#  PS-1218 


$11 


each 


BREADBOARD T 840  CONTACTS 

One  terminal  strip  and  two  power 
buss  strips.  Accomodates  dip  and 
discrete  components.  Interconnect 
with  solid  hook-up  wire  (#22  AWG 
recommended).  2 5/81’  x 6 7/811  x 

3/8”  high.  CfrCOO 

each 


II 

» 


CAT#  PB-840 


SOLAR  CELLS  w/  CHARGING 
CIRCUIT  - 3 LED  S 

Here's  a great 
start  for  a solar 
cell  project.  From 
not-yet -assembled 
solar- powered  garden 
lights,  these  assemblies 
include  two  glass  photovoltaic  cells  mounted 
on  a plastic  base.  Output  is  approximately 
2.6  Vdc  @ 25  mA  in  bright  sunlight.  Under 
the  photocells  is  a bracket  for  a two  cell 
rechargeable  A A pack  & a small  circuit  board 
with  three  red  LEDs.  There  is  a photoresistor 
on  top  of  the  panel  between  the  solar  cells 
to  sense  light  and  dark  conditions.  In  day- 
light the  cells  charge  the  battery.  When  it 
gets  dark,  the  LEDs  light.  These  are  working 
units  but  the  batteries  packs  are  old  and 
may  not  take  a charge.  Our  two  A A cell  nick- 
el-metal-hydride  pack,  CAT#  NMH-2AA 
($2.00  ea.)  is  a good  replacement.  Solar  cell 
surface  area:  3.78M  X 1.98".  CAT#  SPL-05 

$4I£, 


10  for  $4.25  each 
100  for  $4.00  each 


INVERTER  FOR  EL  PANELS 
AND  STRIPS 

Light -Tape™  inverter 
designed  for  lighting 
electroluminescent 
strips  and  panels  up 
to  1 square  foot. 

Operates  on  12  Vdc 
or  less,  depending  on 
surface  of  panel. 

2.3511  xl.GS”  x 0.6811  black  plastic  enclosure. 
1811  leads  with  inline  fuse  on  input.  Output 
requires  a 2-pin,  G.T1  connector  like  our 
CAT#  CON-23QP  (not  included).  £ Q 0 5 

^Oiach 


CAT#  INV-9 


AM/FM ANTENNA 

Made  by  Terk  for  Philips  / 

Magnavox,  this  great  little 
antenna  improves  reception 
and  brings  in  more  stations, 
more  clearly  than  the  wire^ 
antennas  that  come 
with  many  AM/  FM 
receivers.  Omni- 
directional. Easy  hook-up. 

Includes  impedance  matching  transformers  for 
300  Ohm  or  75  Ohm.  Connects  to  F -connec- 
tors, screw  terminals  or  spring  terminals.  5. 9 11 
x 5.7 M x 1 M.  Gray  / blue.  Includes  instructions. 
Retail  packaged.  & g*.  Q g 

CAT#  ANT-30  OQ— h 


3-6  VDC  MINIATURE  SPRING- 
RETURN  SOLENOID 

Deltrol  Controls  #56597-60 1 NT , 

Spring -ret  urn,  push-pull 
solenoid.  2 Ohm  coil. 

Operates  on  3-6  Vdc.  Intermittent  duty 
cycle.  Metal- shielded  body  is  0.9 T1  x 0.4211 
x G.4511  high.  Q.T1  diameter  plunger  extends 
0.41’  on  each  side  of  solenoid.  One  end  of 
plunger  has  a0.1111  diameter  nylon  cap. 
Four  pc  pinson  0.7511  x G.211  centers. 


CAT#  SOL-89 


100  for  $1.00  each 


$1 


35 

each 


shop  on-line  www.allelectronics.com 

ORDER  TOLL  FREE  1-800-826-5432 


MAIL  ORDERS  TO: 

ALL  ELECTRONICS  CORP. 

P.O.  BOX  567  * VAN  NUYS,  CA  91408-0567 


FAX  (818)781-2653  • INFO 

E-MAIL  attcorp@al 


VISA 


NO  MINIMUM  ORDER  ■ All  Orders  Can  Be  Charged  to  Visa*  Mastercard.  American  Express  or  Discover  * Checks  and  Money  Orders  Accepted  by  Mail  - 
Orders  Delivered  in  the  State  of  California  must  include  California  State  Sales  Tax  * NO  C.Q.D  * Shipping  and  Handling  $6.00  for  the  4B  Continental  United 
States  - ALL  OTHERS  including  Alaska.  Hawaii,  P.R.  and  Canada  Must  Pay  Full  Shipping  ■ Quantities  Limited  * Prices  Subject  to  change  without  notice. 


MANUFACTURERS  - We  Purchase  EXCESS  INVENTORIES...  Call , Write,  E-MAIL  or  Fax  YOUR  LIST. 


APRIL  2 005 


Circle  #3  8 on  the  Reader  Service  Card. 
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It's  Back 


• •• 


yes  exo-fans , Tetsujin  is  back  for  a second  action-packed  year!  Once 
again , we'll  be  part  of  the  giant  RofaoNexus  Conference  — which 
will  be  twice  as  large  as  last  year.  To  "suit”  the  quickly-evolving  work  in 
strength  augmentation,  we've  expanded  the  challenges  for  Tetsujin  2005. 
Now  you  have  three  ways  to  showcase  your  work: 


CHALLENGE  1: 

Weightlifting.  Ascend  stairs  in  your  suit  to  the  lifting 
platform  and  lift  a load  of  from  1 00  to  1 ,000  lbs*  from  a 
squatting  position  to  a height  of  at  least  24  inches*,  return 
the  load  to  the  ground  in  a controlled  manner,  and 
descend  the  stairs.  Stair-climbing  may  be  unpowered.  The 
winner  is  the  competitor  who  lifts  the  most  weight. 

CHALLENGE  2: 

Dexterity.  Stack  nine  concrete  cylinders  weighing  about 
70  pounds  each  in  a 4-3-2  vertical  arrangement,  but  don't 
knock  them  over  as  the  pyramid  grows! The  winner  is  the 
competitor  who  arranges  the  cylinders  in  the  shortest 
time. 


CHALLENGE  3: 

Walking  Race.  Walk  the  100  foot*  long  U-shaped 
challenge  course,  stepping  over  a small  obstacle  at  the 
half-way  point.The  shortest  time  wins,  with  a time  bonus 
being  granted  based  on  any  auxiliary  load  carried. Walking 
must  be  powered. 


The  current  rule  set  is  available  online  at 

www.servoiragaiine.com/tetsullii 

and  questions  can  be  directed  to 

Tetsuiin2005@gmail.com 

Start  planning  NOW  so  you  can  be  a part  of  the  largest 
"exo -games"  event  of  the  year  — TETSUJIN  2005* 


^Specifics  of  the  competition  are  in  a tentative  state  and  mo/  be  subject  to  change. 


SCROUNGING  FDR  PARTS 


by  Daniel  Bartlett 


So,  you  want  to  fill  your  hobby  electronics  drawers 
with  parts  galore  and  don1!  have  the  money  to  start? 
Well,  worry  no  more,  as  I am  about  to  teach  you  how  to 
scrounge  for  those  parts. 

To  scrounge  is  to  forage  about  in  an  effort  to 
acquire  something  at  no  cost,  and  this  process  can 
be  very  easily  adapted  to  electronics  as  a result  of  the 
myriad  of  broken  appliances  we  find  due  to  the 
advent  of  the  throw-away  society.  Computers,  televi- 
sions, radios,  car  consoles,  you  name  it  — we  throw  it 
away.  Therefore,  electronics  hobbyists  can  have  a 
field  day  getting  many  normally  expensive  parts  at  lit- 
tle or  no  cost.  However,  there  are  a few  “rules”  to 
scrounging,  some  of  which  are  for  your  own  safety 
and  others  that  will  save  you  a lot  of  unnecessary 
time  and  effort. 

Rule  1:  Anything  acquired  by  scrounging  is  to 
be  considered  broken  and  electrically  hazardous. 

Never  plug  into  electricity  any  item  that  you  have 
scrounged  (from  whatever  source)  unless  you  know 
exactly  what  you  are  doing;  better  yet,  don't  do  it  at  alb 
These  items  were  thrown  away  for  a reason  and  have 
the  potential  to  electrocute  anyone  silly  enough  to  ener- 
gize them. 

Also,  take  note  of  the  fact  that  capacitors  store 
charges  and  have  the  potential  (literally)  to  give  you  a 
belting  if  you  touch  them  or  the  circuit.  Safe  discharge 
of  these  devices  can  be  completed  through  the  use  of 
an  electrically  insulated  (1,000-plus-volt)  screwdriver  or 
similar  tool.  Ask  a qualified  electrician  for  help  in  this 
area  if  you  are  unsure.  One  area  that  I would  never 
dream  of  touching,  by  the  way,  is  the  back  of  a televi- 
sion picture  tube.  If  the  stored  voltage  isn't  enough  to 
hurt  you,  the  explosion  when  you  drop  it  and  release  a 
pressure  of  2,000-plus-psi  surely  will. 

Rule  2:  Only  scrounge  for  rare  or  expensive 
parts  or  something  that  you  know  that  you  will 
need.  There  is  no  point  desoldering  four-cent,  1 /4-watt 
resistors  or  standard,  small-value,  ceramic/ monolithic 
capacitors,  for  example.  You  would  pay  more  for  solder 
wick  and  the  electricity  to  run  your  soldering  iron  than 


you  would  for  these  parts.  Instead,  look  for  parts  that 
may  seem  rare  or  are  known  to  be  more  expensive, 
such  as  larger  capacitors,  Schottky  diodes,  pre-pack- 
aged diode  bridges,  microprocessors  (Z80,  EEPROM, 
PIC),  relays,  and  even  large  switches.  These  parts  can 
be  worth  $3,00-5.00  or  more  and  are  worth  the  time 
and  effort  to  desolder  them. 

The  least  amount  of  time  you  can  spend  on  an 
appliance  the  better,  so  you  can  re  throw  it  away  and 
get  on  to  the  next  one.  Each  appliance  provides  its 
own  network  of  components;  dwelling  for  too  long  on 
one  appliance  only  creates  clutter  by  hoarding  (an 
unfortunate  side  effect  of  scrounging).  Actually,  one  of 
the  best  ways  to  find  out  the  value  of  any  particular 
part  is  to  have  an  electronics  component  catalog 
handy,  whether  from  the  manufacturer  or  a retail 
establishment  (Dick  Smith  Electronics,  RadioShack, 
or  similar).  Although  many  of  these  companies  only 
sell  common  parts,  the  expensive  ones  can  quite  eas- 
ily be  identified. 


Rule  3:  Look  for  obvious  signs  of  deterioration 
on  any  particular  part.  If  a capacitor  has  burst  and 
leaked  all  over  the  board,  there  is  no  point  in  scroung- 
ing it,  as  it  will  not  work  anyway.  Other  obvious  signs  of 
deterioration  include  burning/overheating  (character- 
ized by  blackened  areas  and  that  smell),  chemical 
damage  (caused  by  leaking  capacitors,  batteries,  or 
external  fluids),  water  damage  (obvious  in  itself),  and 
physical  breakage  (if  the  appliance  has  been  dropped, 
the  board  may  have  cracked  in  half,  taking  many  com- 
ponents with  it). 

Much  of  this  rule  is  simply  common  sense;  if  the 
component  looks  broken,  it  probably  is.  However,  if 
you  are  unsure,  there  are  measurement  devices  that 
you  can  build  or  purchase  that  will  give  you  a better 
indication  of  the  condition  of  a particular  component. 
These  devices  include  multimeters  (especially  those 
with  a diode  test  function),  transistor  testers,  capaci- 
tance leakage  detectors,  and  others.  Sometimes  a part 
may  look  perfectly  fine,  but  may,  in  fact,  be  faulty 
(for  example,  a transistor  going  open  circuit). 
Measurement  devices  can  help  you  in  this  regard,  but 


only  use  them  after  following  Rule  2;  it  has  to  be  worth 
the  trouble. 

Rule  4:  Invest  in  a roll  of  solder  wick.  Solder  w ick 
is  a roll  of  braided  material  which  “accepts"’  solder  that  is 
removed  from  a printed  circuit  board  (PCB).  I use  the  type 
made  by  Hakko®  (www.hakko.com),  manufacturers  of 
solder  wick  in  a range  of  thicknesses,  from  0,6  to  three 
mm.  Solder  wick  effectively  cleans  solder  away  from  the 
joint,  therefore  making  the  component  in  question  much 
easier  to  remove.  Because  the  heat  is  transferred  to 
the  wick  itself,  there  is  less  of  a chance  of  damaging  a 
good  part. 

While  on  the  topic  of  desoldering,  you  should  remem- 
ber that  there  are  also  a few  rules  when  choosing  a sol- 
dering iron,  as  the  cheapest  iron  will  often  mean  the 
destruction  of  many  functioning  parts.  A cheaper  solder- 
ing iron  (of  the  $10.00  to  $20,00,  25-watt  variety,  for 
example)  will  often  have  a tip  much  too  big  for  delicate 
electronics  work  and,  on  the  other  side  of  the  coin,  have 
too  little  power  to  be  used  to  solder  large  battery  lugs  and 
such.  My  advice  is  to  spend  a little  more  money  on  a sol- 
dering iron  (even  a soldering  station),  as  a one-time 
$150,00  investment  is  much  better  than  20  $20.00  invest- 
ments, especially  over  a number  of  years,  I have  experi- 


enced cheap  solder  tips  degrading  from  heat  only  days 
after  they  have  been  purchased  and  it  really  isn’t  worth 
the  trouble. 

Rule  5:  Remember  that  “parts”  aren't  the  only 
things  that  can  be  scrounged  from  an  appliance. 

Electrical  appliances  can  be  recycled  in  many  ways.  They 
have  cases,  knobs,  dials,  rubber  feet,  gauges,  plugs,  sock- 
ets, leads  — you  name  it.  These  items  are  often  much  eas- 
ier to  remove,  as  they  usually  only  involve  the  use  of  a 
screwdriver.  These  accessories  can  be  used  to  repair  other 
items  of  the  same  type  or  may  even  provide  housings  and 
personalization  for  projects  of  your  own.  Remember  that 
cases  do  take  up  a lot  of  space,  so  be  choosy  and  keep 
only  what  you  think  you" II  need.  Rubber  feet,  knobs,  and 
screws  can  be  stored  quite  easily,  as  long  as  they  are 
still  in  good  condition  (not  destroyed  by  sun  damage, 
for  example),  so  take  them  out  and  keep  them  for  a 
later  date. 

For  those  who  have  not  delved  into  the  world  of 
scrounging  before,  try  removing  the  smaller  accessories 
first.  Better  yet,  try  removing  them  and  putting  the  appli- 
ance back  together  again,  as  it  is  often  a completely  differ- 
ent experience  altogether.  If  you  can  take  something  apart 
and  successfully  put  it  back  together  again,  you  may  have 
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reached  the  level  of  care  needed  to 
refrain  from  destroying  delicate  elec- 
tronic components. 

Rule  6:  Store  scrounged  parts 
so  that  they  can  be  found  again. 

There  is  no  use  spending  an  hour  or 
so  unscrewing  and  desoldering  parts 
and  accessories  from  PCBs  and  the 
like  if  you  can't  find  them  when  you 
need  them.  To  explain  this  further,  if 
you  put  all  of  your  parts  into  a big 
cardboard  box,  along  with  a mass  of 
wires,  you  are  wasting  your  time. 
Ensure  that  parts  are  stored  in 
labeled  containers  (preferably  stack- 
able  parts  drawers,  available  quite 
inexpensively  from  hardware  stores), 
so  that  they  can  be  found  with  a 
quick  glance.  You  can  store  them 
along  with  your  purchased  parts,  of 
course,  so  label  drawers  with  names 
like  “resistors,”  "diodes,”  “relays,” 
and  the  like. 

I consider  this  process  follow-up. 
You  get  to  know  where  your  parts  are, 
so  you  can  find  them  in  a matter  of 
seconds,  rather  than  a matter  of  terse 
hours.  Also,  storing  parts  in  a neat 
and  clean  fashion  has  advantages 
other  than  easy  recollection;  it  makes 
your  garage  or  workshop  look  a lot 
neater,  while  keeping  the  “other  half” 
happy. 

I hope  that  you  will  take  these  few 
simple  rules  into  mind  next  time  you 
drag  home  for  stripping  your  next 
dump-found  broken  appliance.  They 
will  make  your  life  so  much  easier,  I 
assure  you,  and  you  will  save  a lot  of 
money.  It  may  be  easier  to  remember 
the  quick  version  of  the  rules:  safety, 
rarity,  quality,  wick,  diversity,  and 
storage. 

Scrounging  is  a hobby  in  itself, 
but  you  should  scrounge  only  for 
what  you'll  really  use.  Please  keep  in 
mind  that  safety  always  comes  first. 
Nothing  is  so  important  that  you 
should  take  unnecessary  risks.  If  you 
have  any  further  questions  or  com- 
ments on  this  article,  feel  free  to 
email  me  at  j ustforda nt he ma n@tel 
stra.com  1 will  usually  reply  within  a 
day  or  two,  if  Pm  not  busy  scroung- 
ing! NV 

APRIL  2005 


Builders  - Installers  - Creators  - We  have  something  for  you, 
A little  bit  of  everything  and  more 

Surplus  and  Unique  Items  • Serial  ASCII  Displays 


2x40  Fluorescent  Display  Module.  iTron 
CU40026SCPB-T20A  9.5”  x 1.75”  x 1”  . . .$15.00 


MD  LS4046 6- LV- LED04.  • 8.25”  x 2.25”  x .5” 
40x4  LCD  with  LED  backlight $15.00 


Security  / Surveillance  Equipment 


Panasonic  1/3”  CCD  Color  Camera.  120  V 60Hz.  WV-CP240 
with  4.5mm  1:12  lens  * 480  lines  of  horizontal  resolution. 

1.0  V[p-p]  NTSC  composite  75  □/  BNC  connector  .$59.00 

Panasonic  CCD  Camera  with  4.5mm  Lens 
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Panasonic  AG -RTS  50  time-lapse  VCR.  The 
Jog/Shuttle  dial  makes  scene  searches  quick  and 
^ accurate.  The  built-in  RSV-232C  interface  allows 
direct  control  of  the  AG -RTS  50  from  your  PC  with 
240  Hour  V(^R  user-provided  software. 

Records  up  to  240  hours $179.00 

^ View  Sonic  OEM  power  adapter  for  LCD  monitor.  #HASU05F 

ft  100- 240V  AC  input  auto  switching.  12V  DC  @ 4.58A  output. 

* Barrel  type  DC  connector.  PSO079 $19.00 

. View  Sonic  OEM  power  adapter  for  LCD  monitor.  # HASU05K 
1 1 00-240 V AC  input,  auto  switching.  19V  DC  @ 3. 16A output. 
s Barrel  type  DC  connector.  PSO08G $19.00 

View  Sonic  OEM  power  adapter  for  LCD  monitor.  # PSCV70010 1 A 
1 00V  AC  input,  12V  DC  @ 5, 8 A output. 

Barrel  type  DC  connector.  Mfg..  by  Samsung.  PSO083  $19.00 


Motors  with  gear  boxes  • Power  Supplies 


Escap  22C  DC 

Geai head  Motor  with  190:1  Reduction  (R22) 


$25.00 


1 1 0 V Molon  AC  Motor  With  Electro-Magnetic  Brake  - high  torque  heavy 
duty  motor  with  4.75”  Dia..  disc  attached.  3/ 1 6th  Dia..  O Ring  " tire"  . 
Great  for  automation  projects.  The  disc  is  snap-ring  installed  and  can  be 
removed  easily.  Molon  HGM-4050-29  or  similar  models . . .$3.00 


4.75"  Dia..  disc  attached  with  3/16"  Dia..  Rubber  O-Ring.  Motor  is  1 
1/8"  Dia..  Motor  and  gear  housing  are  2 1/2 " tall,  gear  housing  is  2.75" 
x 3"  x 5/8".  Motor  is  labeled  RSV-380SH  - RN545Y16  - China 
These  are  strong  enough  for  use  in  drills  and  screwdrivers.  Operating 
range  is  between  3 and  9 VDC  with  7.2VDC  being  optimal  for  an 
unloaded  RPM  of  16,200  and  loaded  of  14,000.  . $4.00 
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■THE SOLAR 
ALTERNATIVE 


Efforts  to  design  and  construct  devices  for  supplying  renewable 
energy  surprisingly  began  nearly  150  years  ago , ironically ; at  the 
very  height  of  the  Industrial  Revolution,  which  was  largely  founded 
on  the  promise  of  seemingly  inexhaustible  supplies  of  fossil  fuels. 

Contrary  to  the  prevailing  opinion  of  the  day,  a number  of  engineers 
questioned  the  practice  of  an  industrial  economy  based  on 
nonrenewable  energy  and  worried  about  what  the  world's  nations 
would  do  after  exhausting  the  fuel  supply. 
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The  earliest  known  record  of  the  direct  conversion  of 
solar  radiation  into  mechanical  power  belongs  to  Auguste 
Mouchout,  a mathematics  instructor  at  the  Lyce  de  Tours. 
Mouchout  began  his  solar  work  in  I860  after  expressing 
concerns  about  his  country’s  dependence  on  coal.  “It 
would  be  prudent  and  wise  not  to  fall  asleep  regarding  this 
quasi-sec urity,"  he  wrote.  “Eventually  industry  will  no 
longer  find  ...  the  resources  to  satisfy  its  prodigious  expan- 
sion. What  will  industry  do  then?"  By  the  following  year,  he 
was  granted  the  first  patent  for  a motor  running  on  solar 
power  and  continued  to  improve  his  design  until  about 
1880.  During  this  period  the  inventor  laid  the  foundation 
for  our  modern  understanding  of  converting  solar  radiation 
into  other  forms  of  power. 

Where  Mouchout  left  off,  a French  man  by  the  name 
of  Charles  Tellier  took  over  in  1885.  Considered  by  many 
the  father  of  refrigeration,  Tellier  actually  began  his  work  in 
refrigeration  as  a result  of  his  solar  experimentation,  w?hich 
led  to  the  design  of  the  first  nonconcentrating,  or  non- 
reflecting, solar  motor. 

If  you’re  concerned  about  your  ever-growing  battery 
bill,  you  might  want  to  consider  using  solar  power. 
Although  solar  cells  are  not  usually  as  straightforward 
as  batteries,  once  you  get  used  to  their  characteristics, 
they’re  easy. 


Types  of  Solar  Cells 

A solar  cell  (sometimes  called  a photovoltaic  cell)  is 
basically  a large  diode.  Just  as  a photodiode  (or  even,  for 
that  matter,  a regular  glass-wralled  diode  like  a 1 IN914)  will 
produce  a voltage  when  exposed  to  light,  so  will  a solar 
cell.  The  difference  is  that  a solar  cell  is  designed  to  pro- 
duce a useful  current.  Most  solar  cells,  like  most  diodes, 
are  made  from  silicon,  A fewr  other  semiconductors  can  be 
used,  such  as  gallium  arsenide,  but  these  are  found  only  in 
very  special  circumstances,  such  as  satellites  that  might 
need  to  endure  large  amounts  of  radiation  in  space  that 
would  damage  silicon  cells.  Copper  oxides  can  be  made  to 
act  as  solar  cells,  too  (and  were  the  first  type  of  cell  discov- 
ered), but  they  are  very  inefficient. 

There  are  basically  two  types  of  silicon  cells  — crys- 
talline and  amorphous.  Crystalline  cells  are  made  from  thin 
wafers  of  nearly  pure  silicon,  just  like  those  used  to  make  sil- 
icon chips  (for  that  reason,  they  are  often  circular  or  curved, 
having  been  cut  from  circular  wafers).  They  are  rigid,  but 
light  and  fragile,  and  are  fairly  expensive  to  make.  Rather 
cheaper  are  amorphous  cells,  which  are  made  from  silicon 
deposited  onto  a substrate.  This  can  be  glass,  as  in  the 
Suneeram  cells  by  Panasonic  that  are  used  in  many  small 
solar  robot  projects,  or  a flexible  plastic  film,  such  as  the 
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Clockwise  from  top  left  are  various  types  of  solar  cells: 
aSunceram  five-volt  cell  from  Solarbotics,  aTX  3-25  thin 
film  plastic  Powerfilm  three- volt  module  from  Iowa  Thin 
Films,  a large  crystalline  silicon  cell  (0,6  volt)  from  a grab 
bag,  a smaller  silicon  cell  (0,6  volt),  a larger  three-volt 
Powerfilm  module  — this  one  encapsulated  in  an 
ultraviolet-resistantTefzel  sheet,  and  a small 
Sunceram  module  taken  from  a defunct  calculator. 


Powerfilm  cells  by  Iowa  Solar  Films.  These  thin  plastic  cells 
can  be  very  lightweight  and  can  be  bent  around  various 
shapes.  For  outdoor  applications,  these  are  available  in  an 
ultraviolet  resistant  Tefzel  plastic  coating,  though  this 
makes  the  cells  heavier  and  more  expensive. 

Because  a cel  is  just  a diode,  it  produces  a voltage  that 
is  nearly  a constant,  related  to  the  electronic  bandgap  of  the 
material.  For  silicon,  this  is  about  0.6  volts.  This  is  obvious- 
ly inconveniently  low,  so  it  is  usual  to  array  ceils  in  series  (a 
“string”  of  cells)  to  yield  a useful  voltage.  One  way  is,  of 
course,  to  solder  or  clip  together  lots  of  individual  cells,  but 
this  can  be  tedious  and  delicate.  Many  modern  amorphous 


Solar  cell  output  characteristic  (l/V  curve), The  blue  line  is 
the  output  of  two  Powerfilm  TX  3-25  modules  in  series. 
The  short-circuit  current  is  about  37  rnA  and  the  open 
circuit  voltage  about  7,5  volts.  Peak  power  of  about  0,1  S 
watts  (red  line)  occurs  for  an  output  of  about  five  volts  and 
25  mA,  Operation  at  three  or  6,5  volts  will  reduce  the  out- 
put to  about  0,1  watts  (green  line).  Peak-power  conditions 
correspond  to  a load  impedance  of  about  200  ohms. 


^^Celll  Output  (2x 
TX3-25) 

0.1  W 

0.15  W 

100  Ohm 

- - 200  Ohm 
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cells,  where  the  silicon  is  painted  onto  a substrate,  are  basi- 
cally painted  on  as  several  individual  cells  connected  in  a 
series,  making  a much  more  convenient  solution.  Such 
mini-arrays  are  available  with  outputs  from  three  to  15  volts. 

Peak-Power  Tracking 

A solar  cell’s  output  characteristic  (the  l/V  curve)  for 
given  light  conditions  is  usually  fixed  by  two  numbers:  the 
open-circuit  voltage  and  the  short-circuit  current.  These 
are  what  you  read  if  you  just  put  a high-impedance  volt- 
meter across  the  cell  ora  low-impedance  ammeter,  respec- 
tively, The  open-circuit  voltage  for  individual  silicon  cells  is 
always  about  0.6  volts.  If  depends  only  very  slightly  on 
light  levels,  but  will  depend  on  temperature  being  a little 
higher  under  cold  conditions.  (Solar  cells  on  satellites  also 
need  to  worry  about  the  characteristic  being  affected  by 
radiation  in  space,  but,  unless  you  are  unhealthily  close  to 
a nuclear  reactor,  you  shouldn’t  need  to  worry  about  this.) 

The  short-circuit  current  is  directly  proportional  to  the 
light  level  and  is  basically  set  by  the  area  of  the  cell,  (More 
area  means  more  photons  of  light  collected,  and  more 
photons  mean  more  charge  carriers  and  more  current) 

However,  neither  of  these  test  conditions  is  useful. 
The  power  provided  by  the  cell  is  voltage  x current,  so  the 
short-  and  open-circuit  tests  give  no  power. 

Domestic  power  plants  and  satellite  power  systems 
use  feedback  control  circuits  to  track  this  peak-power 
point  (which  depends  on  temperature,  light  levels,  radia- 
tion dose,  and  so  on).  However,  for  simple  robots  and 
other  projects,  it  is  usually  adequate  to  assume  that  peak 
power  will  be  roughly  three-quarters  of  the  open-circuit 
output  and  design  the  circuit  to  operate  fixed  at  that 
point.  Still,  before  finalizing  a circuit,  it's  a good  idea  to 
measure  the  output  characteristic  of  the  cells  you’re  using 
by  putting  different  load  resistors  across  it  and  measuring 
the  voltage.  The  output  power  is  just  the  load  resistance 
multiplied  by  the  square  of  the  voltage  across  it. 

One  useful  1C  for  small  solar  power  supplies  is  the 
ICL7660  voltage  converter,  which  rapidly  charges  a capac- 
itor with  the  supply,  then  switches  over  to  charge  another, 
and  then  back  to  the  first  before  it  has  time  to  substantial- 
ly discharge.  These  two  capacitors  are  wired  so  that  their 
voltages  can  be  summed  together  to  give  almost  double 
the  input.  The  device  can  handle  input  voltages  from  1 .5  to 
10  volts.  Maxim  makes  higher  current  versions;  the  MAX 
860  and  660  are  able  to  handle  up  to  around  100  mA. 

Light  Levels 

Sunlight  at  noon  on  a clear  day  dumps  about  1,300 
watts  of  power  per  square  meter.  A lO-cnri  cell,  therefore, 
intercepts  about  13  watts  of  sunlight,  but  only  a fraction  of 
this  can  be  converted  into  electricity.  Even  the  most  efficient 
(and  expensive)  multiple-junction  cells  on  satellites  convert 
only  about  20  percent  of  this  into  power.  For  the  amorphous 
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cells  in  most  small  electronics  applica- 
tions, the  efficiency  is  only  about  five 
percent.  The  crystalline  silicon  cells 
used  for  most  domestic  power  systems 
are  typically  about  10  percent  efficient, 
so  we  can  only  get  about  one  watt  out 
of  a 10  x IG-cm2  cell. 

Note,  however,  that  we  will  have 
much  less  power  available  in  dim, 
indoor  conditions.  Our  eyes  are  very 
adaptable,  so  we  can  see  over  a wide 
range  of  light  levels  (full  moonlight 
has  a million  times  less  light  per  unit 
area  than  full  sunlight),  but  a solar 
cell’s  short-circuit  current  (and  there- 
fore power  at  peak-power  conditions) 
will  be  proportional  to  the  light  inten- 
sity. Consider  the  floor  of  a six-meter- 
wide  room  lit  by  a 100-wratt  light  bulb. 
Even  if  the  walls  and  ceiling  were  per- 
fect mirrors,  a robot  on  the  floor  is 
only  going  to  receive  about  three 
watts  per  square  meter.  A 10  x 10-crn 
cell  and  five  percent  conversion  effi- 
ciency would  only  produce  about  1.5 
milliwatts  of  electricity. 

Devices  for  indoor  operation  and 
devices  with  very  small  solar  cells 
must,  therefore,  either  have  microwatt 
power  levels  (calculators  are  one  exam- 
ple) or  must  trickle-charge  an  energy 
store  and  operate  only  periodically. 
This  is  the  “solar  engine”  circuit  used  in 
many  BEAM  projects:  A capacitor  is 
trickle-charged,  essentially  starting  out 
by  charging  with  the  high  short-circuit 
current  from  the  cell,  then  trailing  off  as 
the  capacitor  charges  up.  Eventually,  it 
will  almost  reach  the  open-circuit  volt- 
age of  the  cell,  only  drawing  enough 
current  from  the  cell  to  balance  any 
leakage.  However,  a threshold  switch- 
ing circuit,  using  a flashing  LED  or  a 
138  voltage  switch,  will  instead  dis- 
charge the  capacitor  when  the  voltage 
has  reached  a useable  level. 

An  Example  — Solar 
Power  With  Current 
Monitoring 

One  project  I have  recently  begun 
is  a Tumbleweed  rover,  a windblown 
sphere  that  can  traverse  a long  dis- 
tance by  rolling  in  the  wind  without 
using  motors  to  drive  it.  Such  a vehicle 
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has  been  proposed  for  exploring  Mars 
and  one  was  recently  tested  in 
Antarctica.  1 wanted  to  explore  howr  a 
lightweight,  solar-powered  version 
could  be  made  by  attaching  flexible 
solar  cells  to  the  wall  of  a beach  ball, 
using  a Basic  X-24  microcontroller  to 
measure  its  motion  with  an  accelerom- 
eter (see  the  Frisbee  Black  Box  project 
in  the  February  2004  Nuts  & Volts). 


Because  a sola i -power-only  rover 
could  have  its  power  interrupted  by 
shadows,  I used  a small  battery  for 
short-term  operation,  which  would 
then  be  topped  off  by  the  solar  panels. 
Driving  the  microcontroller  required  25 
mA  or  so  at  six  volts  or  more,  so  l used 
a set  of  three  tiny  nickel  metal  hydrite 
(NiMH)  batteries,  each  with  two  cells. 
These  were  so  small  that  they  could  be 
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/ THE  SOLAR  ALTERNATIVE  x 

* * m 


A Tumbleweed  rover  made  from  a beachball  and 
thm-film  solar  cells  (top  and  bottom)  with  a circuit 
board  carrying  diodes,  etc*  in  the  center.  Another  small 
board  with  a microcontroller  is  at  right.  By  distributing 
the  components  around  the  ball,  it  rolls  more  evenly. 


distributed  around  the  perimeter  of  the  beach  ball  Pin  24 

(Vin)  of  the  BX-24  was  connected  to  the  batteries  (Vout)  via 
a switch.  You  might  get  away  with  a smaller  battery,  wiring 
four  cells  to  get  4.8  volts  to  the  Vss  supply  on  the  BX-24,  but 
this  would  be  much  less  tolerant  of  voltage  drops  as  the  bat- 
tery discharged.  Also,  if  you  don't  need  the  speed,  memo- 
ry, or  A/D  converters  of  the  BX-24,  you  could  use  a BASIC 
Stamp  2 or,  of  course,  a PIC  microcontroller. 

1 wanted  to  monitor  the  battery  voltage  using  the  BX-24 
as  a data  logger,  but  its  an  alog-to -digital  converter  inputs 
need  zero  to  five  volts.  Because  of  this,  the  two  100K  resis- 
tors are  set  up  as  a potential  divider  to  take  the  seven  or  eight 
volts  of  the  battery  down  to  this  range  (Vout/ 2 Monitor). 

Now,  I wanted  to  also  monitor  the  current  corning 
from  each  of  the  solar  arrays,  since  the  power  from  each 
would  come  up  and  fall  off  as  the  Tumbleweed  rolled 
around.  Each  of  the  arrays  was  a series  string  of  four  TX 
3-25  th in-film  modules,  giving  an  open-circuit  voltage  of 
about  1 5 volts  total,  but  a peak-power  operating  voltage  of 
more  like  1 0 volts. 

D1  and  D2  are  blocking  diodes  to  stop  the  battery  from 


Circuit  for  the  Tumbleweed  power  sup  ply.  This  circuit 
charges  a battery  when  it  can,  and  provides  for  monitoring 
the  battery  voltage  and  charging  currents, You  can  remove 
the  bits  of  the  circuit  you  don't  need  or  clone  the  solar 
array  and  charging  monitor  parts  if  you  have  more  arrays. 
If  you  have  more  than  one  array  or  even  only  one  array 
and  a battery,  though,  you  need  a blocking  diode  for  each. 


discharging  backward  through  the  solar  panels,  which  would 
not  only  waste  battery  -energy,  but  also  could  damage  the 
cells.  An  ordinary  silicon  diode  will  do,  but  it  can  be  wasteful 
(especially  in  low  voltage  designs),  since  there  is  a drop  of 
some  0.7  volts  or  so  across  it.  1 prefer  to  use  a germanium 
diode,  since  the  voltage  drop  here  is  only  0.3  volts  or  so. 

If  the  cells  are  not  illuminated  (or  only  weakly  so),  the 
diode  does  not  conduct  and  the  current  monitor  output  (f  1 , 
12  monitor  — this  time  divided  by  three  to  get  into  the  zero- 
to  five-volts  A/D  range)  will  be  low.  If,  on  the  other  hand,  it 
is  strongly  illuminated,  the  voltage  will  be  enough  to  cause 
a current  to  flowr  into  the  battery  via  the  diode  and  the  rele- 
vant resistor  R1  or  R2.  This  resistor  allows  the  current  to  be 
sensed  — a value  of  100  ohms  is  about  right.  Imagine  the 
array  is  putting  out  20  mA,  then  the  voltage  here  must  be 
equal  to  the  battery  voltage  plus  the  0.3- volt  diode  drop  and 
plus  R1  times  the  current,  or  0.025  x 100  = 2.5  volts.  From 
the  simultaneous  measurement  of  the  battery  voltage  and 
this  monitor,  the  charging  current  can  be  figured  out.  If  you 
don't  need  to  sense  the  charging  current,  you  don’t  need  a 
resistor  here,  and  the  circuit  will  be  more  efficient  without  it. 


(www.solarbotics.com)  has  a range  of 
amorphous  Sunceram  cells  for  small  robot  projects  such  as  solar 
engines. 


(www. scie nt i fic so nline.com)  has 
a range  of  solar  cells,  multi -cel  I panels,  low-current  motors,  and 
various  experiment  kits. 

The  Iowa  Thin  Film  cells  are  available  from 
(www.jameco.comi)  and  are  from  three  to  12  volts  with  a range 
of  currents  and  plastic  coatings. 
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When  to  Use  Solar  Cells 

The  most  obvious  applications  for  solar  power  are  out- 
door devices  with  modest  power  needs  of  a fraction  of  a 
watt.  Very  low  power  applications  and  indoor  systems  can 
be  driven  much  more  easily  with  an  alkaline  battery 
(although  note  that  a solar  cell  circuit  might  be  lighter).  For 
powrers  of  a fewr  watts  or  more,  solar  power  can  be  rather 
expensive.  On  the  other  hand,  solar  driven  devices  can  be 
aesthetically  pleasing  and,  for  lawn  lights  or  weather  sta- 
tions or  other  applications  where  it  is  convenient  not  to  have 
to  replace  batteries,  solar  power  can  be  a bright  idea.  NV 
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Circle  #10  on  the  Reader  Service  Card. 


Stamp 


by  Jon  Williams 


Putting  the  Spotlight  on  BASIC  Stamp  Projects,  Hints,  and  Tips 

Stamp  Applications 

You  Can't  Touch  That  — Non-contact  Access  Control 


Today,  l had  a bit  of  a headache  and  was 
feeling  cramped  in  my  office,  so  I decided  to 
escape  to  the  treadmill  in  the  complex's  pri- 
vate gym  for  a half  hour  or  so.  To  keep  it  pri- 
vate, members  gain  access  by  waving  a secu- 
rity card  in  front  of  a small  plate  adjacent  to 
the  front  door.  If  the  card  is  a match,  cha- 
ching,  the  door  unlocks  and  you're  in. 

Okay,  what’s  going  on  with  the  card?  You’ve  proba- 
bly seen  them  — they’re  everywhere.  The  cards  in 
question  contain  technology  called  radio  frequency 
identification  ( RFID).  Even  if  you  haven’t  heard  of  RFID,  you 
may  have  been  unknowingly  exposed  to  it.  RFID  tags  can  be 
as  small  and  nearly  as  thin  as  a postage  stamp  and  are  often 
used  to  track  package  movement  in  retail  stores  (big  com- 
panies like  Wal-Mart,  Target,  and  others  are  adopting  the 
technology).  Drug  companies  are  even  putting  RFID  tags 
into  their  packaging  to  prevent  piracy  of  expensive  medi- 
cines. RFID  is  big  news  and  now  you  can  get  in  on  it,  too. 

There  are  two  essential  components  in  an  RFID  sys- 
tem: a transceiver  (reader)  and  a transponder  (tag).  If  it 
were  only  that  simple.  Tags  can  be  active  (contain  their 
own  power  source)  or  passive  (create  parasitic  power  from 
the  reader’s  RF  field).  Further,  tags  can  be  read-only  or 
read-write.  Zoiks.  Let’s  just  keep  things  simple,  shall  we? 

Parallax  worked  with  world-famous  hardware  hacker 
and  engineer  extraordinaire,  Joe  Grand  (owner  of  Grand 

Idea  Studio),  to  cre- 
ate a low-cost  RFID 
reader  that  would 
be  simple  to  use  in 
hobbyist  and  pro- 
fessional projects. 
The  result  is  a fully 
integrated  reader 
printed  circuit 

board  that  con- 
tains the  required 
circuitry  and 
matched  antenna 
to  work  with  pas- 
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sive,  read-only  RFID  tags.  Note  that  the  reader  is  specifical- 
ly designed  for  tags  that  contain  low-frequency  (125  kHz) 
RFID  components  from  EM  Microelectronic.  Parallax  car- 
ries a couple  of  tag  types  (disc  and  ISO  card)  that  are  man- 
ufactured by  Sokymat  and  meet  the  requirements  of  the 
reader.  Figure  1 shows  a few  sample  tags  from  Sokymat 
that  I played  with:  you  can  clearly  see  the  disc  tag  (far  left) 
and  ISO  card  tag  (far  right). 

Is  it  Magic! 

Okay,  how  does  it  work?  It’s  not  magic;  in  fact,  it’s  not 
terribly  complicated.  When  power  (5  VDC)  is  applied  to 
the  reader,  a green  LED  will  indicate  that  it’s  ready  to  func- 
tion, By  pulling  the  ENABLE  pin  low,  the  reader  becomes 
active  (LED  changes  to  red)  and  the  antenna  broadcasts 
a modulated  signal.  If  a tag  is  within  range  (up  to  four 
inches  with  the  Parallax  reader),  it  will  harvest  the  RF 
energy  with  its  own  antenna  and  modulate  its  unique  iden- 
tification code  in  a manner  that  can  be  detected  by  the 
reader.  A microcontroller  on  the  reader  tests  the  bits  from 
the  RFID  tag  to  make  sure  the  information  is  valid  and 
then  the  tag  number  is  converted  to  an  ASCII  stream  to 
be  transmitted  on  the  SOGT  pin  at  2400  baud. 

Keep  in  mind  that,  when  the  antenna  is  active  (red  LED), 
the  device  is  broadcasting  and  consuming  about  200  mA 
from  the  power  supply.  If  you’re  going  to  do  a project  that 
involves  batteries,  you  may  want  to  add  a physical  button  to 
activate  the  reader  only  when  a card  Is  actually  present  or 
use  a timeout  with  SERIN  (BS2  family  only)  to  disable  the 
reader  periodically  to  reduce  the  load  on  the  power  supply. 

Since  RFID  is  so  common  in  controlled-access  and 
security  systems,  let’s  go  that  direction.  And  just  for  fun, 
let’s  build  a super-simple,  single-tag,  access-control  device 
with  a BS1.  Can  we  do  it?  Absolutely.  In  fact,  the  code  is 
so  simple,  we  can  look  at  the  whole  thing  in  one  shot: 

Main: 

LOW  Enable 

SERIN  RX,  T240O,  ($0A,  "OF0184F2OB" ) 

HIGH  Enable 

Access_Granted : 

HIGH  Latch 
PAUSE  2000 
LOW  Latch 
GOTO  Main 


APRIL  2005 


Stamp 


We  start  by  activating  the  reader  (ENABLE  pin  is  pulled 
low)  and  then  simply  waiting  for  a specific  tag  string.  Let 
me  correct  something  I left  out:  The  tag  ID  string  is  preced- 
ed by  a linefeed  character  ($0A)  and  followed  by  a carriage 
return  ($0D).  We  ll  see  why  this  is  useful  a bit  later. 

In  this  program,  SERIN  does  all  the  work.  We  con- 
struct the  SERIN  line  to  wait  for  the  linefeed  character, 
then  the  specific  characters  in  the  valid  RFID  tag  string. 
Once  that  shows  up,  the  program  drops  to  the  point  called 
Access  Granted,  where  we  activate  an  output  that  will  do 
what  we  need  it  to  do.  We  could,  for  example,  disable  an 
electric  door  lock  that  gives  us  — and  just  us  — access  to 
something  special.  After  a brief  delay,  the  lock-control  out- 
put is  enabled  and  we  go  back  to  the  top. 

The  logical  question  is,  “Where  did  you  get  the  tag  ID 
string?”  We  got  it  from  the  tag,  of  course.  I just  mentioned 
that  the  (ASCII)  tag  string  is  preceded  by  a linefeed  and  fol- 
lowed by  a carriage  return.  We  can  put  this  to  use  by  con- 
necting the  reader  to  a terminal  program.  Note  that  we 
need  to  go  through  an  RS-232  line  driver  (e.g.,  MAX232, 
DS275,  etc*)  as  the  serial  output  is  at  TTL  levels.  Figure  3 
shows  the  connections  and  Figure  4 shows  the  output 
when  using  a manually  opened  terminal  from  the  BASIC 
Stamp  IDE  (note  that  the  baud  rate  is  set  to  2400).  In  most 
cases,  we’ll  use  a BASIC  Stamp  to  work  with  the  reader, 
but  be  aware  that  you  can  also  connect  directly  to  a cus- 
tom PC  application  using  a simple  interface  as  shown. 

By  the  way,  if  you  happen  to  have  the  new  Parallax  Serial 
LCD  module,  you  can  use  it  as  a terminal  and  you  don’t  need 
a level  shifter.  Simply  set  the  LCD  Mode  switches  for  2400 
baud  (1  = Op,  2 = Down)  and  connect  the  RFID  reader’s  SOOT 
pin  to  the  LCD’s  RX  pin.  Don’t  worry  if  it’s  not  convenient  for 
you  to  connect  the  RFID  reader  to  a terminal  or  LCD,  as  we 
can  always  use  a BASIC  Stamp  module  to  read  and  display  an 
unknown  tag  string. 


po  o 
pi  CD 


Figure  2.  Connections  to  the  RFID  reader. 


Open  Sesame 

Most  security  systems  will  have  more  than  one  legal 
user,  so  let’s  update  the  program  to  work  with  multiple 
tags.  To  be  honest,  1 had  to  go  back  to  the  BS1  manual  on 
several  occasions  for  this  program  because  the  BS1  — 
while  very  cool  — is  not  quite  as  convenient  as  its  big  broth- 
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Circle  #106  on  the  Reader  Service  Card. 
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er,  the  BS2.  It’s 
very  inexpensive 
though  (especially 
with  OEM  parts), 
and  is  worth  con- 
sidering for  a 
low-cost,  access- 
control  system. 
After  we’ve 
recorded  our  tag 
IDs,  we  can  put 
them  into  a simple 
E E PROM-ba  sed 
table  for  storage.  Here’s  what  my  table  looks  like: 

Tags: 

EEPRGM  ("0F0184F2QB" ) 

EEPROM  ("0F01D9D2G3" ) 

EEPROM  ("04129C1B43") 

EEPROM  ("0000000000") 

EEPROM  ("0000000000") 

Remember  that  your  table  will  be  different,  as  the 
RFID  tag  strings  are  unique.  By  using  the  Memory  Map 
feature  of  the  Stamp  IDE,  I found  I had  room  for  five  tags. 
Since  1 only  had  three  to  work  with,  I padded  the  table  for 
the  unused  positions.  A program  constant  will  prevent  us 
from  searching  past  the  known  tag  strings* 

The  next  step  is  to  set  up  our  control  outputs.  For  this 
security  program,  we’ll  turn  off  the  reader  and  lock  the  door. 

Reset : 

HIGH  Enable 
LOW  Latch 

After  basic  setup,  we  drop  into  the  heart  of  the  program 
where  the  reader  is  activated  and  wait  on  a tag  ID  string. 
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Mow,  you’ll  see  what  I was  just  talking  about  with  the  BSI 
not  being  quite  as  convenient  as  the  BS2.  There  is  no  STR 
modifier  with  the  BSI,  and  its  memory  cannot  be  treated 
like  an  array.  Everything  must  be  done  one  byte  at  a time. 

Main: 

LOW  Enable 

SERIN  RX,  T2400,  ($0A), 

tagO,  tagl,  tag2,  tag3,  tag4, 

-*■  tag5 , tag  A tag7,  tag8  f tag9 

HIGH  Enable 

Note  that  the  SERIN  line  is  really  long,  but  needs  to  be 
on  one  line  to  make  sure  that  all  I 1 bytes  (header  plus  10) 
are  received  properly.  For  publication.  I’ve  split  the  line,  but 
you’ll  find  it  all  together  in  the  downloadable  version  of  the 
code.  With  the  tag  ID  stored  in  the  BSl’s  RAM,  we  can 
compare  it  to  our  table  entries  to  determine  whether  the 
tag  presented  is  a match  or  not.  Admittedly,  this  looks  a lit- 
tle hairy,  but  it’s  really  not  that  bad.  To  keep  things  concise, 
I’m  only  showing  the  first  and  last  bytes,  but  the  same  code 
is  required  for  all  10  elements  of  the  RFID  tag  string. 

Chsck_List : 

FOR  tagNum  = 0 TO  LastTag 
pntr  = tagNum  *10+0 
READ  pntr,  char 
IF  char  <>  tagO  THEN  Bad_Char 

1 removed  Ear  clarity 

pntr  = tagNum  *10+9 
READ  pntr,  char 
IF  char  <>  tag9  then  Bad_char 
GOTO  TagLFound 
Ead_Char : 

NEXT 

As  you  can  see,  comparing  each  byte  of  the  RFID  string 
against  a table  entry  requires  three  steps  that  are  placed  in 
a loop:  1)  We  create  a pointer  to  the  corresponding  position 
of  the  table  entry,  2)  we  read  the  character  from  the  table, 
and  then  3)  we  compare  the  two  bytes.  If  they  don’t  match, 
the  program  jumps  to  the  label  called  “BadChar”  and  wre’i! 
either  move  to  the  next  table  entry  or,  if  we’re  at  the  end  of 
the  table,  we’ll  fall  through  the  loop.  Let’s  say  we  do  have  a 
match.  When  that  occurs,  we  will  jump  to  the  label  called 
“Tag_Found”  and  execute  the  door-opening  code: 

Tag_Found : 

DEBUG  "Entry:  ",  # tagNum,  OR 

HIGH  Latch 

SOUND  Spkr,  (114,  165) 

LOW  Latch 

GOTO  Main 

The  latch  is  activated  (to  allow  entry)  and  a beep  is 
played  through  a piezo  speaker  of  the  amplifier  circuit  to 
alert  the  user.  The  beep  stops  after  two  seconds  and  the 
door  relocks.  Then,  we  go  hack  to  the  top  of  the  program. 
When  the  tag  presented  does  not  match  any  of  our  table 
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figure  3 . Connecting  the  reader 
to  a terminal. 


Stamp 


entries,  a one- second  groan  is  played  through  the  speaker: 
EacLTag : 

DEBUG  "Unknown  Tag" , CR 
SOUND  Spkr,  (25,  80) 

PAUSE  1000 
GOTO  Main 

And  that’s  that.  Like  1 said,  it’s  really  very  simple.  The  tricki- 
est part  is  working  around  the  behaviors  of  the  BS1,  but  even 
that  wasn’t  so  bad.  Okay,  let’s  port  this  baby  to  the  BS2. 

Starting  back  at  the  tags  table,  we’re  going  to  add  names 
to  each  tag.  In  our  demo  program,  well  just  send  these  to  the 
Debug  Terminal  window,  but  we  could  just  as  easily  put  them 
on  an  LCD  if  we  ever  decide  to  add  one  to  the  project. 


Tagl 

DATA 

"0F01B4F2GB" 

Tag2 

DATA 

"0F01D9D263" 

Tag3 

DATA 

"04129C1B43" 

NameO 

DATA 

"Unauthorized" , CR,  0 

Namel 

DATA 

"George  W.  Bush" , CR,  0 

Nairie2 

DATA 

"Dick  Cheney" , CR,  0 

Name! 

DATA 

"Condoleeza  Rice" , CR,  0 

Note  that  the  name  strings  are  zero-terminated  so  that 
we’re  not  restricted  to  a specific  length.  Well  get  to  the 
printing  routine  later. 

Did  you  read  last  month’s  column?  If  not,  why  not?! 
Okay,  I’ll  put  my  bruised  ego  aside  and  just  point  out  that 
we’re  going  to  take  advantage  of  the  lessons  on  conditional 
compilation  in  this  program.  When  I stated  above  that  we 
would  port  the  program  to  the  BS2,  1 meant  the  BS2  family 
— the  entire  BS2  family.  The  first  thing  to  consider  is  the 
RAM  required  to  read  the  RFID  tag  string:  10  bytes.  This  is 
usually  temporary  in  nature,  and  it  would  be  really  nice  if  we 
didn’t  have  to  use  our  variable  space  to  handle  it.  Well,  if  we 


use  the  BS2p  or  BS2pe,  we  don’t  have  to;  we  can  use  the 
Scratchpad  as  a serial  buffer.  The  first  thing  we  have  to  do, 
though,  is  set  up  the  program  so  that  the  compiler  can 
detect  a BS2p  or  BS2pe  and  create  a symbol  to  that  effect. 

# DEFINE  No_SFRAM  = ($STAMP  < BS2P) 

With  this  definition,  the  symbol  called No_SPRAM 

will  be  set  to  True  if  we’re  not  using  a BS2p  or  BS2pe  — 
hence  we  are  forced  to  define  a buffer  in  our  variable  RAM 
space.  Let’s  get  to  that: 

#IE  __No_SPRAM  #THEN 

buf  VAR  Byte  (10) 

#ELSE 

chkChar  VAR  Byte 

#ENDIF 

Remember  that  conditional  compilation  is  just  that,  con- 
ditional.  It  means  that  what  actually  gets  compiled  and 
downloaded  will  change  based  on  the  BASIC  Stamp  module 
we’re  using.  In  the  code  above,  the  array  called  “buf”  is  only 
created  when  using  a BS2,  BS2e,  or  B32sx.  When  using  a 
BS2p  or  BS2pe,  we  create  a variable  called  “chkChar.” 

Now  to  the  core  of  the  program.  What  you’ll  realize  is 
that,  no  matter  which  BS2  family  module  we  use,  receiving 
the  RFID  tag  string  in  this  program  is  much  easier  here 
than  with  the  BS1.  The  only  question  is  where  those  bytes 
will  be  stored  and  that  is  determined  by  the  module  in  use. 

Main: 

LOW  Enable 

#IF  __No_SPRAM  #THEN 

SERIN  RX,  T24G0,  [WAIT($GA),  STR  buf\10 
#ELSE 

SERIN  RX,  T24G0,  [WAIT($GA),  SPSTR  10] 

#ENDIF 
HIGH  Enable 
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When  we’re  using  a BS2,  BS2e,  or  BS2sx,  the  tag  string 
is  stored  in  our  variable  buffer;  otherwise,  it  gets  stuffed  info 
the  first  1 0 bytes  of  the  Scratchpad.  See  how  much  easier  this 
is?  The  STR  and  SPSTR  modifiers  are  huge  time-savers  here. 

With  the  tag  string  in  RAM,  we  can  compare  it  against 
the  table,  and  again,  it’s  much  easier  with  the  BS2-family. 

Checklist : 

FDR  tagNum  = 1 TO  LastTag 
FOR  idx  = 0 TO  9 

READ  (tagNum  - 1 * 10  + idx) , char 

#IF  No_SPRAM  #THEN 

IF  (char  <>  but  {idx))  THEN  BacLChar 
#ELSE 

GET  idx , chkChar 

IF  (char  <>  chkChar)  then  Bad_char 
#ENDIF 
NEXT 

goto  Tag_Found 


byte  from  the  reader.  Our  conditional  symbol  sets  up  the 
code  to  make  the  comparison  against  a byte  in  the  vari- 
able array  or  against  a byte  from  the  Scratchpad*  Note  that 
the  Scratchpad  cannot  be  treated  like  an  array,  so  we  are 
forced  to  use  GET  to  access  the  appropriate  byte. 

Moving  on  to  a good  tag,  we  will  do  the  same  as  before: 
sound  the  beeper  {with  FREQOUT)  and  disable  the  security 
lock.  Remember  that  FREQOGT  is  one  of  those  instructions 
that  differs  from  Stamp  to  Stamp,  so  conditional  compilation 
constants  are  used  to  keep  the  timing  (two  seconds)  and 
tone  (880  Hz)  the  same,  no  matter  which  module  we  use. 

Tag_Found: 

GOSUB  Show_Name 
HIGH  Latch 

FREQOUT  Spkr,  2000  */  TmAdj , BB0  */  FrAdj 
LOW  Latch 
GOTO  Main 


Bad_Char: 

NEXT 

As  with  the  BS1,  a loop  is  used  to  work  through  the 
known  tag  strings.  What  we* re  able  to  do  here,  however,  is 
use  a second  loop  to  test  each  byte  of  the  received  string. 
The  inner  loop  reads  the  appropriate  byte  from  the  current 
tag  data  and  compares  it  against  the  corresponding  tag 
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WeVe  also  added  the  ability  to  display  the  name  of  the 
person  who  is  assigned  to  the  valid  tag.  A simple  loop  will 
send  the  characters  of  the  name  to  a display.  We’ll  keep  it 
easy  and  use  the  Debug  Terminal. 


Show_Name : 

DEBUG  DEC  tagNum,  " : " 

LOOKUP  tagNum, 

[NameO,  Namel,  Name2,  NameB],  idx 
DO 

READ  idx,  char 
IF  (char  = 0)  THEN  EXIT 
DEBUG  char 
idx  = idx  + 1 
LOOP 
RETURN 

The  result  of  the  tag  search  (in  the  variable  tagNum) 
will  be  from  one  to  the  number  of  known  tags  if  the  tag 
string  is  valid.  If  not,  the  search  will  result  in  zero.  The 
“Show_Name”  routine  uses  the  result  of  the  tag  search  to 
LOOKUP  the  first  character  of  the  corresponding  name. 
After  that,  each  character  is  printed  in  a loop  until  the  zero- 
terminator  is  encountered.  We  could  very  easily  change 
the  DEBUG  line  to  SEROUT  for  a serial  LCD  or  to  LCD- 
OUT  if  we’re  using  a BS2p  or  BS2pe  and  have  a parallel 
LCD  connected  as  required. 

Well,  that’s  it.  That  was  pretty  simple,  wasn’t  it?  1 think 
so  and  I’m  having  a lot  of  fun  with  the  RFID  reader.  Be  sure 
to  check  out  the  resources  listed,  as  there  is  lots  of  inter- 
esting information  on  RFID  technology.  Joe  Grand’s  web- 
site has  some  really  cool  stuff  (if  you’re  into  hardware 
hacking,  you’ll  love  his  books). 

Until  next  time  ...  Happy  Stamping!  NV 
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In  The  Trenches 


Project  Engineering  Tasks 


There  are  a series  of  steps  that 
are  usually  followed  in  most 
engineering  development 
cycles*  it’s  important  to  know  what 
these  are  and  what  they  entail,  and 
this  is  especially  true  for  the 
new  engineer  or  new  engineering 
business  venture  (independent 
consulting)*  This  month,  well  go 
over  these  basic  steps  and  explain 
what  they  consist  of  and  why  they 
are  important* 

Being  Professional 

There  is  always  an  expectation 
of  professionalism  in  any  business 
activity*  Engineering  is  no  exception* 
Professionals  do  things  in  a particu- 
lar way  because  it  works  best  and 
because  that’s  what  the  customer 
wants.  If  you  don’t  provide  wrhat  your 
customer  wants,  you  won’t  be  in 
business  very  long*  Also,  if  your 
approach  doesn’t  work,  well  that's 
bad,  too. 

Fundamentally,  if  you  don't  act 
like  a professional,  you  won’t  be 
seen  as  a professional*  If  you  aren’t 
seen  as  a professional,  you  won’t 
have  credibility.  If  no  one  believes 
you,  it  doesn’t  matter  how  brilliant, 
innovative,  or  original  your  ideas 
are. 

It’s  always  important  to  remem- 
ber that  engineering  is  a creative 
process.  An  engineer  takes  an  idea 
and  makes  it  real*  All  good  engi- 
neers relish  any  opportunity  to 
unleash  their  imaginations  in  their 
designs*  Being  professional  doesn’t 
mean  being  conventional;  it  only 
means  that  the  ideas  are  presented 
and  built  in  a conventional  manner. 
The  more  believable  you  are,  the 
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more  likely  it  is  that  your  idea  will  be 

accepted. 

All  of  this  leads  up  to  the 
approach  you  should  follow  in  work- 
ing with  clients  and  others  when 
developing  a project*  (Mote  that  the 
term  “project”  is  being  used  here  in 
a business-engineering  sense  rather 
than  a hobbyist  sense.)  The 
approach,  detailed  below,  is  pretty 
standard.  There  are  variations  (and 
some  of  these  will  be  discussed), 
but  if  you  are  building  a space  ship 
or  a better  mouse  trap,  these  steps 
are  important*  Some  people  may 
give  different  names  to  the  steps, 
but  the  steps  and  their  order  are  fair- 
ly fixed. 

Preliminary  Design 
Review 

This  is  collecting  information 
about  the  project  and  deciding  on  a 
general  approach  or  solution,  A 
client  may  call  up  and  say,  “I  need  a 
newr  front  panel  controller  for  my 
exercise  machine.’’  In  this  case,  you 
will  sit  dowrn  with  the  client  and  find 
out,  in  detail,  what  he  wants,  when 
he  wants  it,  the  price  he  is  willing  to 
pay,  and  other  necessary  points. 
The  client  may  provide  direction 
about  the  solution  he  wrants.  “1  want 
an  LED  display,  not  LCD*"  If  he 
does,  ask  him  why*  His  reasons 
will  tell  you  about  his  level  of 
understanding.  Also,  they  may  be 
based  on  inaccurate  or  outdated 
information* 

If  so,  you  may  want  to  gently  cor- 
rect him  with  something  like,  “With 
the  new  products  on  the  market 
today,  that’s  not  a big  concern  any- 
more:’ If  you  think  it's  important  to 


use  the  LCD  instead  of  LEDs,  find 
out  if  there  are  conditions  under 
which  the  client  will  accept  an  LCD, 
but  never,  never  argue  w?ith  the  client* 
Always  remember  that  the  client  is 
willing  to  give  you  money.  Who  else 
is  going  to  do  that? 

One  objective  of  the 
Preliminary  Design  Review  is  to 
define  a very  specific  goal.  This 
goal  is  something  that  can  be 
detailed  objectively  in  a document 
without  dispute*  There  is  nothing 
worse  that  providing  a “finished 
product"  to  a client  who  says, 
“That’s  not  what  I wanted!"  (This 
happens  much  too  often,  especially 
with  startup  consultants  who  don't 
follow  these  basis  steps.) 

Another  objective  is  to  deter- 
mine which  approaches  are  accept- 
able to  the  client*  Obviously,  it's 
best  for  the  engineer  if  all  approach- 
es are  acceptable.  He  is  free  to  use 
his  full  imagination.  In  reality,  there 
are  always  limits  in  cost,  size,  com- 
plexity, delivery,  and  other  factors 
(that  the  client  may  not  even  be 
aware  of). 

Return  lor  Quotation 

Sometimes,  wfith  large  compa- 
nies and  the  government,  the 
Preliminary  Design  Review  is  written 
and  provided  to  the  engineer  in 
some  manner.  Typically,  this  is  an 
RFG  or  “Return  for  Quotation.” 

This  is  a document  that  pro- 
vides all  the  necessary  details  need- 
ed to  complete  the  project*  It 
includes  the  goals  and  approaches 
that  are  acceptable  to  the  client.  It 
also  includes  information  about 
delivery  schedule,  size,  etc.  Pricing 
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may  or  may  not  be  stated  directly* 
Often,  the  lowest  bidder  will  be 
awarded  the  contract*  Often,  the 
engineer  (or  his  company)  is  barred 
from  contacting  the  RFQ  client  to 
obtain  additional  details  or  answer 
questions*  This  is  done  to  provide  for 
“fair”  competition,  but  clearly,  this 
can  create  difficulties  for  the  engi- 
neer* Who  knows  if  the  client  really 
wants  an  LCD  or  LED  display?  The 
cost  and  performance  are  different. 
Which  is  better?  In  cases  like  this, 
you  just  do  your  best* 

Engineering  contests  (like 
5E/?VO  Magazine's  Hack-A-Sapien) 
are  a form  of  RFQ.  In  these  cases, 
originality  is  an  important  factor  in 
winning.  Sometimes,  contest  goals 
are  very  specific,  like  “self-navi gate 
from  Point  A to  Point  B in  the  shortest 
time.*  Sometimes,  they  are  vague, 
like  “most  outrageous  hack.” 
Nevertheless,  these  contests  are  real- 
ly RFQs  in  disguise* 

Paper  Design 

The  next  step  is  to  consolidate 
all  the  information  you  got  from  the 
client  (or  RFQ)  and  decide  which 
approach  is  the  most  appropriate 
for  tfie  client  Always  remember 
that  you  are  working  for  the  client 
and  you  want  to  make  him  happy* 
While  you  may  enjoy  designing, 
you  must  always  put  the  client’s 
needs  first. 

You  should  have  a number  of 
possible  approaches*  Within  an  engi- 
neering company,  meetings  are  often 
held  to  decide  the  good  and  bad 
points  of  each  idea.  If  you  are  consult- 
ing on  your  own,  you  should  always 
examine  several  different  ways  to  sat- 
isfy the  customer*  If  you  set  your 
mind  to  a fixed  solution,  it  often  caus- 
es problems  later. 

Once  the  approach  is  deter- 
mined, a comprehensive  paper 
design  is  created.  This  includes 
a complete  schematic,  physical 
dimensions,  parts  list,  production 
cost  estimate,  testing  fixtures,  special 
assembly  details,  theory  of  operation, 
computer  simulations,  and  anything 
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else  that  is  needed  to  define  the 
product. 

If  this  sounds  like  a lot  of  work,  it 
is,  but  this  step  is  often  critical  to  the 
success  of  the  project*  This  paper 
design  can  uncover  fundamental 
problems  that  must  be  corrected.  It’s 
clearly  better  to  fix  a paper  design 
than  to  rework  hardware.  This  also 
helps  everyone  understand  all  the 
aspects  of  the  whole  project  rather 
than  just  their  own  small  part  of  it*  As 
I recall,  the  paperwork  for  the  B-l 
bomber  weighed  more  than  the 
bomber  itself. 

It  is  not  unheard  of  to  create  two 
paper  designs  and  let  the  customer 
decide  which  is  best.  If  you  really 
have  a great  idea  that  doesn’t  match 
what  the  client  has  stated,  but  you 
think  he’ll  like  it,  this  may  be  the  way 
to  go* 

You  can  provide  your  design 
along  with  the  design  that  matches 
the  client’s  specifications*  Placing  two 


proposals  side  by  side  and  showing 
the  client  how  one  is  better  than 
the  other  is  often  a good  way  to  sell 
your  idea* 

Occasionally,  this  stage  includes 
“proof  of  concept”  hardware  (or  soft- 
ware)* If  you  are  proposing  a solution 
that  is  unique  or  controversial,  it  is 
very  helpful  for  the  client  to  see  the 
idea  in  action.  This  gives  you  — and 
your  idea  — credibility  and  helps  the 
client  understand  the  principles  of  the 
approach.  This  hardware  does  not 
need  to  be  a finished  product.  It  only 
has  to  demonstrate  that  the  idea  is 
workable* 

Design  Review 

This  is  when  you  sit  down  with 
the  client  again  and  go  over  your 
paper  design.  You  show  him  the  good 
and  bad  points  of  the  design,  and 
always  tell  the  client  about  the  bad 
points  up  front.  There  are  two  rea- 
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sons  for  this:  First,  if  these  points  are 
to  be  fixed  in  some  manner,  it  is  bet- 
ter to  do  this  at  the  start  of  the  project 
while  it’s  still  on  paper. 

Second,  honesty  with  the  client 
cannot  be  overestimated.  If  the 
client  thinks  — or  finds  out  later  — 
that  you  are  keeping  secrets  from 
him,  he  will  not  be  happy.  (How 
would  you  react  if  your  doctor  neg- 
lected to  tell  you  that  the  medication 
you  were  taking  for  high  blood  pres- 
sure might  cause  all  of  your  hair  to 
fall  out?) 

There  are  always  changes  to  the 
design  at  this  point.  The  client  forgot 
something,  your  approach  gives  him 
a new  idea,  or  some  initial  informa- 
tion was  incorrect.  There’s  always 
something. 

However,  if  you  did  the  first  two 
steps  properly,  these  changes  will 
usually  be  relatively  minor  and  easy 
to  accommodate. 

Sometimes  there  are  significant 


modifications  requested.  This  is 
called  a “Scope  Change”  and  basical- 
ly means  that  the  scope,  or  overall 
approach,  of  the  design  must  be  re- 
evaluated. 

In  this  case,  it’s  back  to  Step  1. 
This  Design  Review  becomes  anoth- 
er Preliminary  Design  Review. 
Another  paper  design  must  be  creat- 
ed and  another  Design  Review  is 
required. 

It  is  important  to  note  to  the 
client  any  significant  production, 
servicing,  or  testing  considerations 
here. 

For  example,  going  from  through- 
hole  to  surface  mount  technology 
(SMT)  may  require  a substantial 
financial  investment  in  hardware  and 
training.  As  noted  above,  never  sur- 
prise the  customer. 

For  RFGs,  this  Design  Review  is 
completed  by  the  client  The  client 
examines  the  paperwork  submitted 
by  the  engineer  to  determine  if  it  is 


suitable.  If  so,  then  a contract  is 
awarded  (or,  for  a contest,  a prize 
is  given).  It  is  at  this  point  that  the 
engineer  is  able  to  contact  the  RFG 
client  for  any  additional  details  or 
questions. 

Build  a Prototype 

This  prototype  (or  two  or  three) 
is  a fully  functional  product;  however, 
it  may  not  have  exactly  the  same 
characteristics  as  the  final  version. 
For  example,  the  final  version  may 
specify  tiny  SMT  parts  that  require 
special  machines  to  solder  to  the 
printed  circuit  board  (PCB).  This  pro- 
totype may  use  through-hole  or  larg- 
er SMT  parts  that  can  be  handled 
manually. 

It  used  to  be  that  prototype  cir- 
cuits were  wire-wrapped,  but  this  is 
rare  nowadays.  Nearly  all  modern 
prototypes  use  a PCB  in  order  to  vali- 
date performance  characteristics. 
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This  has  lead  to  the  tremendous 
growth  of  the  fast  turnaround  PCB 
manufacturing  market.  There  are  lots 
and  lots  of  these  houses  that  special- 
ize in  low-cost  (relatively  speaking) 
PCBs  with  a one-  to  three-day  delivery 
time* 

This  has  also  lead  to  significant 
competition,  which  has  resulted  in  a 
nice  fallout  for  hobbyists*  There  are 
now  PCB  houses  that  actively  target 
hobbyists  with  low  prices  and  fast 
delivery  times*  I counted  four  such 
advertisers  in  a recent  Nuts  & Volts 
issue. 

This  prototype  may  be  physically 
different,  as  well.  In  particular,  a sim- 
ple box  may  substitute  for  a custom 
case.  This  is  because  the  set-up  costs 
and  lead  time  for  the  custom  case  are 
significant.  No  one  wants  to  spend  all 
that  time  and  money  only  to  find  out 
that  the  client  expected  something 
different. 

There  will  be  production  differ- 
ences in  this  prototype,  too*  Suppose 
the  final  design  calls  for  a special 
injection  molded  plastic  part.  Again, 
this  requires  significant  setup  costs 
and  lead  time.  The  prototype  may 
use  a plastic  piece  made  in  the 
machine  shop  instead. 

Note  that  all  of  these  variations 
and  differences  don’t  actually 
change  the  functionally  of  the 
prototype.  It  must  perform  as 
expected.  It  simply  looks  different 
and  is  built  by  hand  rather  than 
m a ss-p  rod  u ce  d * 

Product  Design 
Review 

This  is  another  meeting  with  the 
client  to  demonstrate  the  prototype 
and  verify  that  it  meets  the  cus- 
tomer's needs*  In  particular,  the  pro- 
totype is  compared  to  the  require- 
ments specified  from  the  previous 
Design  Review.  Every  functional 
aspect  of  the  prototype  is  examined 
in  detail.  Good  and  bad  points  are  dis- 
cussed* Special  attention  is  given  to 
the  differences  between  this  proto- 
type and  a production  unit*  The  client 
cannot  make  any  major  changes  to 
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the  design  at  this  point  without  incur- 
ring significant  cost  increases  and 
time  delays.  Minor  changes,  however, 
can  be  incorporated  with  little  or  no 
penalty. 

This  review  also  includes  produc- 
tion and  test  considerations. 
Producing  many  units  is  very  different 
from  making  a couple  of  prototypes. 
Making  sure  that  they  work  (testing) 


properly  is  something  that  should 
have  been  considered  very  early  on, 
but  this  is  usually  the  point  where  the 
customer  is  informed  of  specific 
needs  (unless  exceptional  tests  are 
needed  — then  they  should  have  been 
noted  in  the  Design  Review)*  There 
may  be  special  calibration  proce- 
dures that  need  a particular  piece  of 
test  equipment*  A time  estimate  for 
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testing  is  important  information  for 
the  client. 

New  production/test  machines  or 
special  training  might  also  be  needed 
for  production.  This  is  where  you 
define  exactly  what  is  needed  and 
where  to  get  it. 

For  example,  if  the  customer 
needs  an  oscilloscope  for  testing, 
you  should  specify  the  important 
specifications  of  the  oscilloscope 
(bandwidth,  etc.)  and  provide  any 
manufacturers  and  models  that  may 
be  suitable. 

It  should  be  noted  that,  with 
faster  and  faster  time-to-market  devel- 
opment cycles,  Steps  4 and  5 are 
sometimes  skipped.  Instead  of  build- 
ing a prototype  and  letting  the  cus- 
tomer examine  it,  the  cycle  jumps 
directly  to  building  a production  pro- 
totype. This  is  faster,  but  carries  some 
risks,  A production  prototype 
requires  more  resources  and  may 
include  financial  commitments 
that  are  not  needed  for  an  ordinary 
prototype. 

Build  Production 
Prototypes 

With  the  information  from  the 
client  in  the  Product  Design  Review 
and  performance  data  from  the  pro- 
totype, a small  number  of  production 
prototypes  are  build.  The  number 
depends  upon  the  size  and  complexi- 
ty of  the  product  Typically,  it’s  three 
to  six  units. 

This  step  has  two  main  purpos- 
es, The  first  is  to  show  that  the  prod- 
uct can  be  built  in  quantity  with  con- 
sistent performance.  With  a handful 
of  units,  you  can  compare  perform- 
ance and  see  the  variations  between 
them.  If  the  design  or  approach  is 
poor,  it  simply  may  not  be  possible  to 
produce  units  with  repeatable  per- 
formance, Talk  to  any  production 
manager.  He’ll  have  plenty  of  stories 
to  tell. 

The  second  purpose  is  to  create 
some  “production”  units  without 
actually  having  to  set  up  a full-blown 
production  run.  These  prototypes  are 
virtually  identical  to  the  final  product 


in  every  way. 

By  necessity,  there  are  very  slight 
differences  from  the  actual  produc- 
tion units.  This  is  because  of  the 
small  quantity  of  the  prototypes 
produced. 

For  example,  parts  may  be  sol- 
dered by  hand  instead  of  using  a 
wave-solder  machine,  or  the  front 
panel  cut-outs  may  be  drilled  at  the 
machine  shop  rather  than  with  a 
punch-press  machine.  The  perform- 
ance, form  factor,  look,  and  feel  will 
be  identical  to  the  full  production 
units,  though. 

There  is  one  very  important  addi- 
tional difference.  These  units  general- 
ly don’t  pass  any  quality  control  tests. 
They  are  handcrafted  and  tested  for 
functionality,  but  their  solder  connec- 
tions are  not  inspected,  nor  are  the 
crimp  connections,  etc.  Quite  often, 
engineers  themselves  will  replace 
parts  and,  while  most  engineers  can 
solder  adequately,  few  would  pass 
quality  standards. 

This  means  that  the  prototypes 
are  not  suitable  for  selling.  It  is  impor- 
tant to  stress  this  to  the  client.  Never 
sell  a prototype!  It’s  bad  business. 
Besides,  some  time  in  the  future, 
someone  will  need  a unit  for  some- 
thing (an  upgrade,  revision  tracing, 
or  testing).  Use  the  prototypes  for 
that. 

The  drawing  package  (docu- 
mentation) is  also  assembled  at 
this  stage.  Note  that  1 say  “assem- 
bled" rather  than  “generated.”  This 
is  because  documentation  should 
always  be  an  ongoing  effort. 
Creating  everything  at  the  end  takes 
longer,  is  less  accurate,  and  is  rarely 
complete. 

The  documentation  (for  a typi- 
cal electronic  product)  should 
include  the  items  on  the  following 
list.  Note  that  the  list  is  not  exhaus- 
tive and  is  really  more  of  a mini- 
mum guideline.  Think  of  what  docu- 
mentation you  would  like  in  order  to 
manufacture  the  product  and  then 
include  it. 

1.  A complete  schematic  diagram. 

It  should  be  annotated  by  the  design- 
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In  The  Trenches 


er  to  show  expected  signals,  critical 
test  points,  and  other  useful 
information. 

2.  A parts  list.  This  is  a list  that 

gives  the  values  and  ratings  of  parts. 
It  is  always  useful  to  provide  a catalog 
part  number  from  a major  distributor 
so  that  the  purchasing  department 
can  easily  identify  the  part.  You 
should  also  be  sure  to  identify  critical 
parts  and  explain  why  they  are 
critical. 

3.  Assembly  drawings.  It  is  said 
that  a picture  is  worth  a thousand 
words.  A simple  diagram  that  shows 
how  all  the  parts  fit  together  is  vital. 
(How  would  you  like  to  put  together 
all  those  Christmas  presents  for  your 
kids  without  the  pictures  and  dia- 
grams?) These  only  have  to  be  as 
detailed  as  necessary.  They  don't 
always  need  to  be  full  mechanical 
blueprints. 

4.  Assembly  procedures.  There 
are  often  special  tricks  or  methods 
used  by  the  design  engineer  to  sim- 
plify the  assembly.  If  they  stay  with 
the  engineer,  then  they  aren't  very 
useful.  So,  they  should  be  passed 
on.  For  example,  using  a magnetic 
nut  driver  may  make  a hard-to-reach 
fastener  easy  to  attach. 

5.  Test  procedures.  Testing  is  a 
critical  factor  in  producing  a quality 
product.  (Hopefully,  you  designed  it 
to  make  the  testing  easy  and  quick.) 
You  should  always  specify  a range 
of  values  rather  than  a specific 
value. 

For  example,  you  should  say  4.5 
to  5.5  volts  — not  5.0  volts.  Also, 
specify  what  instruments  are  needed 
and  their  basic  capabilities.  Any  test 
fixtures  should  be  defined,  as  well. 
Provide  a complete  drawing  package 
for  that,  too. 

6.  Troubleshooting  guide.  Now, 

this  is  something  that  does  not  have 
to  be  overly  detailed,  but  it  should 
address  the  most  common  expected 
failures.  Special  hints  about  how  to 
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isolate  and  attack  problems  can  be 
very  helpful.  Remember  that  most  of 
the  faults  in  production  come 
from  bad  solder  joints  or  improper 
assembly  rather  than  from  failed 
components. 

7,  Theory  of  operation.  This  step 
should  include  the  basic  concepts  of 
how  the  product  works.  It’s  usually 
used  in  conjunction  with  trou- 
bleshooting, but  it  is  used,  some- 
times, to  familiarize  technicians  (or 
other  engineers)  with  the  product.  It 
is  also  very  useful  to  include  the 
design  engineer's  notes  (about 
design  approach,  problems,  fixes, 
changes,  etc.).  This  helps  in  under- 
standing the  reasons  for  the  design 
long  after  the  design  cycle  has 
finished  (and  the  engineer  has 
moved  on). 

Final  Acceptance 
Test 

This  is  the  last  step.  If  all  of  the 
other  steps  were  performed  properly, 
then  this  should  be  routine.  The  pro- 
duction prototypes  and  drawing 
package  are  delivered  to  the  client. 
The  client  tests  the  product  to  verify 
that  it  does,  in  fact,  work  as  expected. 
If  so,  then  the  client  accepts  the 
design  and  pays  the  engineer  or  his 
company.  If  not,  then  it's  back  to  the 
drawing  board!  This  acceptance  test 
then  becomes  another  Product 
Design  Review  and  you  take  it  from 
there. 

Conclusion 

There  are  seven  basic  engineer- 
ing tasks  that  are  used  in  the  typical 
product  development  cycle.  They 
are  pretty  much  the  same  for  any 
design  endeavor. 

Although,  for  fast  time-to-market 
designs,  only  five  steps  are  used  and 
there  are  risks  in  doing  that. 
Understanding  what  these  steps  are 
and  what  they  entail  is  important 
for  every  engineer,  as  well  as 
anyone  who  happens  to  work  with 
engineers.  NV 
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RF  PARTS'  CO. 

From  Mitirwatts  to  Kilowatts =m 

^RF| 

Tubes,  Transistors,  Power  Components. 

Email;  rfp@rfparts.com  • Web;  wvnv.rfparts.com 

800-737-2787  Fax  888-744-1 943 

Floating  Point  Coprocessor 

I2Cto  400  kHz 
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I 32-bit  IEEE  7S4 
32-bit  integer 
Math  Functions 
User  defined  Functions 
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www. westgateparts.com 
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supplies  for  hams,  hobbyists, 
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and  servo  controllers.  New  Walking 
Machine  Controller.  Chips,  kits, 
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www.oricointech.com 
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CML100/CUP-101 
1 M"  CMOS.  300  TVL. 
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Weather  Proof  infrared  i nominator  CCD  Camera 
BJW:  AX-806  $119te& 

1/3"  CCD  Sensor,  Built-in  1 f I R 
LEDS.  300  TVL.  0LUX/F2.D,  Al. 
BLC,  4.3  mm  Lens,  S'  Cable 
Cotor  AX-ffflffC  SUSWm 
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Connectors  Wire/ Cable 


Audio/Video 


The  RF  Connection 

21 3 N.  Frederick  Ave.,  Ste.  I I NV 
Gaithersburg,  MD  USA  20877 

http  ://www.t  h erf  c ,c  on V 


Compete  Selection  of  /VllL-Spec  Coax, 
RF  Connectors  and  Relays 

UG-2IB/U  N Male  for  RG-21 3/21 4 ,$5.00 
UG-2 1 D/U  N Male  for  RG-2 13/214  $3.25 
N Connectors  for  991 3/Flexi4XL/909* 

UG-2  IB/9913  .,..$6.00  / Pins  Only $ 1 .50 

UG-2 1 D/991 3 ..$4.00  / Extra  Gasket$0.75 
Amphenol  83- ISP- 1050  PL- 259  $0.90 
UG-I76/U  Reducer  RG-59/SX. $0.25 
or  5/$  1.00 

UG-I75/U  Reducer  RG-5S/5S A,  $0,25 
or  5/$  1,00 

Silver  Teflon  PL-259/Gold  Pin.  $1 ,00 
or  l0/$9.00 


MIL-Spec  Coax  Available  (Teflon.  P VC  1 1 A) 
Mew  Product:  Belden  991 3F.  99 1 3 with 
High  Density  PE  Foam  dielectric, 
stranded  center  cond.  and  Duobond 
III  jacket  $0.8Q/ft  or  $76.00/ 1 00ft 
Also  New:  9092,  RG8X  with  Type  II  Jacket, 

Intro  Price $23.00/1 00ft 

Call  for  Specials  of  the  Month 
Full  Line  of  Audio  Connectors  for  Icom, 
Kenwood,  and  Yaesu 
8 Pin  Mike  Female  $2,50 

8 Pin  Mike  Male  Panel  $2.50 

13  Pin  DIN  for  Kenwood  $275 
8 Pin  DIN  for  Icom  $1,00 

8 Pin  DIN  for  Kenwood  $1 ,50 
Prices  Do  Not  Include  Sbrppmg 
Orders  800-783-2*** 

Info  301-840-5477 

FAX  301-8*9-3*80 


wflww.matcQ.com 

VGA  to  Video  Converter 
ULT-2000 


$B5/ea 


Use  big  video  screen 
as  PC  monitor 
Capture  PC  images 
an  video  recorder 
24bit,  16,7  mil  colors 


www.matco.com 

% Inputs  Ctigilal  Vktao  Web  Server 

SroBcteaste  2 composite 
video  sources  an  Internet 
itF 1 00  Base-T  network 
interface 
- Statistic  or  dynamic  IP 

DVR- 1 0OO-WS  - 1 5 Fpa , I E Browser  display 

- Aula  tMTiail  ar  image  FTP  when  alarm  V iygud 

- Built-in  Auto  Network  Reconnection  faneuan 

{800)719-9605  flfllfflgflM 


Video  to  VGA  Converter 
VGA-802 

- Display  Composite 
Video  or  S- Video 
sigal  on  PC  monitor 

- Works  w/  orw/out  PC 

- Stereo  Audlio  amp. 

$69/ea  _ 24bit,  16.7  mil  colors 

- Powered  by  5 VDC 
(B0QJ71 9-8605  salesgirl  ate o.co  m 


www.mfltcn.CQm 

Video  Modem  System 

VD  S -22  00  - Send  video.  Audio  Signals 

& 12  VDC  Power  over  Orte 
RG5&  Cable 

- Transmit  range  simile 

- interference  & noise  free 


$T9fset 
(800)71 9-9005 


- Whether  Proof  daEign 

- no  vac  io  DC  adjustable 

power  adapter  included 

5ale5@1natD0.com 


Batteries/ 
Battery  Chargers 


Features:  Precision  temperature  tracking  voltage 
relerence  & Ihree  mode  charging  sequence. 
Slandard  kit  is  for  1£V  ® 1/2  or  1 Amp.  user 
selectable.  Can  be  connected  to  the  battery 
indefinately,  will  not  over-charge.  Weighs  2 pounds 
a nd  measures  4"  W a 5W  D x l-L  Finished 


enclosure  included  in  kh. 

Complete  Kit  (f  150-KIT) S59.95 

Assembled  & Tested  (#150-ASYj S79.95 

CA  Res  Herts  add  7.75^  safes  lax.  S&H:  S7.50  flrtsuedi 
FcrHlgi  arders  add  ami 

www.a-aengineerinn.com 

C®  M Engineering  S| 

2521  W.  La  Palma  fK  * Anaheim.  C A 92601 
(714)  952-2114  * FAX:  [714)  952-3280 


Microcontrollers 


MicroStampl  1 

World  s Smallest  68HC11 
Microcontroller  Module! 

1 1 * telemetry 

■ • microrobotics 

■ * animatranics 

I + 1 J • model  railroading 

* * home  automation 


* tiriy  (l  by  1.4  in.),  light-weight  (D.soz.) 

* on-board  5V  reg.,  crystal,  & reset chip 

* choice  of  BK  or  32K  E EPROM 

* or  32K  RAM  ■+  32K  EE  PROM  (64K  version) 

* SCI,  5PI,  Output  Compare  and  Input 
Capture  channels,  timer,  puls#  accumulator 

* all  14  I/O  lines  and  2 interrupt  lines 
brought  out  to  versatile  2D- pin  connector 

* program  In  BASIC,  assembler,  orC 

* easy  code-loading  with  Docking  Module 

* Starter  Packages:* 

* BK  EE  PROM  (#  M5115PBK).. $45 

* 32K  EEPROM  (#M51 15P32K)...$77 

* 32K  EE/32K  RAM  ( M511 5P64K)$9D 


* taduotes  Mitre  Stamp  M,  manual  PC  soft- 
were  feseemitere,  SSASiC  compiler  H 
Micro  Load  utility,  and  sampia  programs}, 
sariai  cabta,  Docking  Mndufa.  A accassorias. 


www.technologicalarls.CQm 
Toll-free  (USA  & Canada): 
1-877-963-8996 

Vise  * MasterCard  * Discover  * Amex 


■ suroer  DoamBtrrmm  * ms  * wrens 


Design/  Engineering  Services 


■ 


* Circuit  board  iai|<?ufcs 

* P rc?toti|p<s  as&embl  tes 

WWW.  tlSPHLYLLCC  I RHNiCS.COM 

Convert  your  sketch  or  print  Into  a quality 
pet)  for  a reasonable  price  Visit  us  on  ! 
the  web  or  call  Osprey  Electronics  at 
(206)664  iOa&[USA) 


Unistcp  Technologies  www.unistpp.ca  info@unistcp.ca 


WWW.4ATV.COM 


WANTED 

To  buy  COMPLETE  ^vacuum  tube 
collections,  ANY  quantity. Will  buy 
new,  new  w/o  boxes,  and  used. We  buy 
all  types  and  will  not  cherry  pick  your 
col  lection.  Will  travel  to  inspect  and 
pick  up  large  hoards. 

Paul,  Sound  Ideas,  321 5 NW  13th 
Street,  Gainesville,  FL  32609. 
pwb@sou  ndideasstereo.com 
♦please  list  tubes  in  die  note  line 
of  your  email 
352-378-0  1 92 
FAX  #1  352-371-1791 
FAX  #2  352-336-6821 
(10  am-7  pm  EST  M-F  10  am-5  pm  Sat) 


J1291ea 


2,4  Ghte  Power  Amplifier, 
Power  Supply  included, 
10-40  mW  Input,  1 W Output, 
Size:  Approx  2"  X 2"  X 3/4M 

(047)303-9700  info@4atv.ponn 


We  j re  buUtling  wuh  you  in  (Ac  lab  / 


ELECTRONICS  LAB 
MODULES  « KITS 

iN^  W*  ” 

COLLEGE  d UNIVERSITY 

INSTRUCTORS 


Some  of  our  products  ... 
a Synchronous  Frame  Generator 

□ PLL  A Frtq.  Synth* si s Mudotes 
q USB,  Ethernet,  Ser.  * Par,  I/O 

O Full -Duple*  IR  Modern  Module 

□ USB  & Serial  Data  A cqu  is  it  ion 

□ Tc  luph  Dnc  S w it  tfo  C lusters 


Concepts ... 

c.  Oats  CpmmwiBsIwn 
l Internet  Protocols 


V OSI  Model  10LC 

□ Co mfjuti'r  Interlacing 

□ Automatic  Control 
o Telecom  Circuit* 


SCSI 


I-IJ32G  SOPm-ftSPiii-BOPiii 
I lo  8 Ray  Hasp  indostires 
Adapters  Cables  Terminators 
Low  Prices  - Qty  Disco  unis! 
(Also  FireWire,  USB,  Video) 
w w w.m  cpb.  com 


Computer 
Hardware  Wanted 


DEC  EQUIPMENT 
WANTED!!! 

Digital  Equipment  Corp. 
and  compatibles. 

Buy  - Sell  - Trade 

CALL  Keyways  937-847-2300 

or  email  buyer@keyways.com 


Amateur  Radio 


4DTV  * C-band  • Ku-band 
MPEG-2*  DISH*  DIRECTV 

We  carry  a full  line  of  systems, 
upgrades,  replacement  parts,  more! 

Get  it  all  with  just  one  call! 

800-500-9275 
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Mars  Rover  Breaks  Records 

On  three  consecutive  days,  NASA's  Mars  Exploration 
Rover,  Opportunity,  accomplished  unprecedented  feats  of 
Martian  motion,  covering  more  total  ground  in  that  period 
than  either  Opportunity  or  its  twin.  Spirit,  did  in  their  first 

70  days  on  Mars. 

Opportunity  set  a one-day  distance  record  of  177.5 
meters  (582  feet)  on  February  19.  The  new  record 
exceeded  a two-week-old  former  best  by  13  percent.  As 
on  all  previous  long  drives  by  either  rover,  the  traverse 
began  with  ‘blind1'  driving,  in  which  the  rover  followed  a 
route  determined  in  advance  by  the  planners  at  JPL  That 
portion  of  the  drive  lasted  an  hour  and  covered  most  of 
the  day’s  distance.  Then  Opportunity  switched  to 
“autonomous”  driving  for  two  and  a half  hours,  pausing 
every  two  meters  (6.6  feet)  to  look  for  obstacles. 

On  the  third  day  of  the  three-day  plan,  the  robotic 
geologist  continued  navigating  itself  and  drove  even 
farther,  109  meters  (357  feet),  pushing  the  three-day  total 
to  390  meters  (nearly  a quarter  of  a mile).  In  one  long 
weekend,  Opportunity  covered  a distance  equivalent  to 
more  than  half  of  the  600  meters  that  had  been  part  of 
each  rover's  original  mission  criteria  during  their  first 
three  months  on  Mars, 

Opportunity  has  driven  3,014  meters  (1,87  miles) 
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since  the  landing,  while  Spirit  has  driven  even  farther, 
4,157  meters  (2.58  miles)* 

Asimo  Helps  Protect  Kids 

The  National  Safety  Council  and  American  Honda 
Motor  Co,  launched  “Step  to  Safety  with  ASIMO,"  a new 
safety  video  program  in  which  Honda’s  humanoid  robot, 
ASIMO,  teaches  young  children  how  to  safely  cross  the 
street.  Thousands  of  these  unique,  child-friendly  safety 
videos  are  being  distributed  free  to  educators,  lawr 
enforcement  officers,  government  officials,  and  child 
safety  advocates  across  the  nation  to  raise  awareness  of 
pedestrian  safety  and  to  help  prevent  pedestrian  injuries 
and  fatalities  among  children. 

According  to  the  National  Highway  Traffic  Safety 
Administration,  22  percent  of  children  between  the  ages 
of  five  and  nine  who  were  killed  in  traffic  crashes  in  2003 
were  pedestrians. 

41  Step  to  Safety  with  ASIMO"  teaches  safe  and 
responsible  street  crossing  procedures  to  young  children 
ages  five  to  nine.  In  the  14-minute  video,  ASIMO  interacts 
with  children,  using  its  human-like  mobility  to 
demonstrate  how  to  stop  at  curbs,  look  in  every  direction, 
and  cross  streets  at  intersections.  For  more  information, 
visit  www.honda.com 
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QUESTIONS 

I am  using  a variac  to  control  the 
voltage  going  to  a filament  for  heating 
purposes.  Does  anyone  know  of  a 
way  to  control  the  AC  current  going  to 
this  filament  in  an  electronic  fashion? 
#04051  Paul  Komarenko 

Via  Internet 

In  the  winter  time  of  northern 
climates,  it  is  a great  advantage  to 
know  if  your  car's  120  volt  block  heater 
is  actually  working.  Presently, 
extension  cords  can  be  purchased  that 
have  a lighted  end  that  show  the 
presence  of  voltage.  However,  I am 
looking  for  a simple  circuit  to  build  into 
the  male  AC  plug  of  the  block  heater, 
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good  judgement! 
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* Payment  of  $25.00  will  be  sent  if  your  answer 
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send  payment. 

* Your  name,  city,  and  state,  will  be  printed  in 
the  magazine,  unless  you  notify  us  otherwise.  If 
you  want  your  email  address  printed  also, 
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or  in-line  with  the  cord,  that  would 
detect  current  flow  (typically  about 
four  amps  AC),  Preferably  the  indicator 
would  be  an  LED  or  neon  bulb. 

#04052  Ron  Sharpe 

Regina,  SK  Canada 

I thought  I recently  saw  a ‘how-to* 
article  on  how  to  build  a home  made 
"chip'  that  increases  the  power  in  a 
Cummins  diesel,  pick-up  engine*  It 
modifies  the  fuel  and  timing  curves* 
Any  ideas? 

#04053  Larry 

Via  Internet 

I have  a pair  of  RF  modules 
salvaged  from  a 900  MHz  cordless 
phone  and  the  corresponding  base* 


indicate  to  that  effect. 

* Comments  regarding  answers  printed  in  this 
column  may  be  printed  in  the  Reader 
Feedback  section  if  space  allows. 
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To  be  considered 

All  questions  should  relate  to  one  or  more  of 
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2)  Electronic  Theory 

3)  Problem  Solving 

4)  Other  Similar  Topics 

Information/Restrictions 

* No  questions  will  be  accepted  that  offer 
equipment  for  sale  or  equipment  wanted  to 
buy. 

p Selected  questions  will  be  printed  one  time 
on  a space  available  basis. 

* Questions  may  be  subject  to  editing. 

Helpful  Hints 

* Be  brief  but  include  all  pertinent  information. 
If  no  one  knows  what  you're  asking,  you  won't 
get  any  response  (and  we  probably  won't  print 
it  either). 

* Write  legibly  (or  type).  If  we  can't  read  it,  we'll 
throw  it  away, 

* Include  your  Name, Address,  Phone  Number; 
and  Email.  Only  your  name,  city,  and  state  will 
be  published  with  the  question,  but  we  may 
need  to  contact  you. 


One  of  them  is  marked  "BRF-140- 
0601  RF  Module'1  and  both  have 
headers  with  pins  marked  riT+p’,  "ST", 
'AT,  "GIT,  "SQ'\  "Dl",  "AO",  "R+",  and 
"CL"* *  I've  come  up  with  several  good 
guesses  as  to  the  meaning  of  the 
pins,  but  Lm  hoping  someone  can 
give  me  definitive  answers* 

Does  anyone  know  who  makes 
this,  or  where  I can  find  the  data 
sheet?  Would  these  modules  work  as 
two-way  radio  modems? 

#04054  Jeff  Bowles 

Powell  OH 

ANSWERS 

[#1051  - January  2005] 

/ installed  a homemade 
electronic  rear-view  mirror  in  my 
RV.  / already  had  a 5"  monitor  and 
connected  it  to  a $39.00  CMOS 
biack-and-white  camera.  It  works 
fine , but  the  image  is  opposite  from 
a mirror  view  when  viewed  on  the 
monitor. 

Anonymous 
Via  Internet 

The  solution  to  your  problem  is 
as  simple  as  reversing  two  wires 
inside  your  monitor*  The  horizontal 
yoke  windings  are  what  you  need  to 
locate  and  transpose*  The  yoke  will 
have  four  wires,  with  continuity 
showing  between  each  of  two 
individual  pairs*  One  is  the  vertical 
deflection  coil,  the  other  horizontal. 
The  correct  pair  can  be  found  by  trial 
and  error*  When  the  leads  for  the 
vertical  coils  are  manipulated,  the 
picture  will  be  upside  down,  the 
horizontal  coils  will  "mirror  image’1  the 
picture.  If  you  don't  disturb  the  yoke's 
mechanical  position,  no  other 
adjustments  will  be  necessary* 

If  you  wish  to  be  able  to  simply 
return  the  monitor  to  normal 
operation  without  having  to  change 
the  wiring  again,  a simple  switching 
arrangement  constructed  with  a 
DPDT  switch  can  be  mounted  on  the 
unit  to  facilitate  this. 

A caution  if  you  go  this  route 
though,  don't  switch  while  power  is 
applied  to  the  monitor,  or  you  risk 
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damaging  the  deflection  circuits, 

Jason  Neill 
Jersey  City,  NJ 

[#1051  - January  2005] 

/ have  acquired  an  HP  7580B 
plotter  that  is  mechanically  sound. 
When  I turn  it  on,  E02  is  displayed 
after  a self-test.  The  operator 
manual  says  it's  a microprocessor 
error/ ROM  checksum  error.  When  i 
plot  a drawing . it  plots  to  one  side 
and  only  half  of  the  drawing  is  on 
the  page. 

Alex  Malachowski 
Via  Internet 

# I Since  the  plotter  is  functioning, 
it  seems  likely  that  the  E02  is  from 
the  EEPROM  that  is  used  to  calibrate 
the  unit,  although  I don’t  have  the 
manuals  to  check  that,  EEPROM 
technology  was  quite  new  when  the 
7586B  was  designed,  the  part  used 
was  quite  unreliable,  and  the  part  is 
probably  unobtainable.  If  the  part 
were  replaced,  the  7586B  can  be 
calibrated,  but  the  process  is  tedious. 

This  means  that  the  unit  can  be 
used  to  make  drawings,  where  high 
accuracy  is  not  a concern,  but  is 
probably  not  useful  for  PCB  layouts  or 
mask  making. 

The  offset  plotting  is  probably  an 
HPGL  compatibility  issue.  The  HPGL 
language  was  revised  after  the  7586 
was  made,  becoming  HPGL/ 2,  and 
most  newer  drivers  are  made  for 
plotting  to  HPGL/2  devices.  If  you  can 
capture  and  edit  the  plot  file,  it  should 
be  possible  to  center  the  plot  by 
changing  a fewr  of  the  HPGL 
commands  in  the  header,  such  as 
scaling  (SC),  input  corners  (IP),  and 
input  window  (IW),  The  default 
coordinate  system  of  the  7586  had 
the  origin  in  the  center  of  the  page, 
with  plotter  units  of  ,025  mm,  wrhere 
the  pen  moves  in  the  Y axis  and  the 
paper  moves  in  the  X axis, 

Charles  Keith 
Poway,  C A 

#2  Congratulations  on  getting  as 
far  along  with  troubleshooting  your 
plotter  as  you  have.  You  say  that  you 
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have  a ROM  error,  I saw  a similar  case 
back  in  the  early  80s  at  a large 
aerospace  company.  An  experienced 
microcomputer  technician  returned 
an  old  microcomputer  to  service  by 
removing  the  EPROMs,  reading  them 
into  a programmer,  and  burning  a 
new  set  for  reinstallation. 

Why  would  this  work?  The 
EPROMs  had  deteriorated  to  the 
extent  that  at  least  one  bit  in  one  word 
could  not  be  read  at  the  normal 
execution  speed  of  the 
microprocessor.  However,  the 
EPROMs  could  still  be  read  by  the 
slower  process  used  by  the 
programmer  to  read  in  a good  copy. 
Once  a new  copy  was  made  in  new 
devices,  the  code  could  be  read  and 
executed  at  the  normal  speed  of  the 
microprocessor. 

Open  the  plotter  to  determine 

what  type  of  EPROMS  you  have.  Look 
for  some  24-pin,  0.6-inch -wide 
socketed  devices  with  stick-on  labels 
affixed  to  the  quartz  windows.  Expect 
to  find  twro  to  four  EPROMs,  Look  for 
part  numbers  such  as  2716,  2732. 
The  Jameco  catalog  still  lists  devices 
as  old  as  2708,  though  I have  not 
seen  any  that  old  in  a plotter.  Any 
dash  numbers  after  your  part  number 
indicate  the  speed  grade.  Buy 
replacement  devices  of  the  same 
speed  or  faster,  that  is,  a smaller  dash 
number. 

You  will  need  access  to  an 
EPROM  programmer,  or  someone 
who  has  access.  The  device  that  you 
propose  to  program  needs  to  be  on 
the  list  of  programmable  devices  for 
that  programmer.  Per  instructions  for 
the  programmer,  read  in  an  original 
device  and  program  a new  device. 
Repeat  this  for  all  EPROMs.  Install  the 
new  set  of  EPROMS  in  the  plotter. 
Good  luck  as  you  power  up  the 
plotter* 

Dennis  Crunkilton 
Abilen^TX 

[#1052  - January  2005] 

/ am  looking  for  a simple  on/off 
switch  that  can  be  triggered  by 
electrodes  placed  on  the  skin.  It 
needs  to  have  a sensitivity 


adjustment.  I would  also  like  to 
have  it  opto-isolated  for  safety.  Any 
suggestions  or  places  I can  look? 

Chris  Tauscher 
Via  Internet 

Take  a look  at  the  following 
books  that  contain  all  the  information 
needed: 

Introduction  to  Biomedical 
Equipment  Technology 

Joseph  Carr,  John  M,  Brown 
Prentice  Hall 
ISBN:  0138494312 

This  is  a textbook  aimed  towards 
the  design  and  repair  of  medical 
equipment,  but  covers  all  the  basics. 
A very  good  quality  of  this  book  is 
that  it  contains  lots  of  practical 
information  and  circuits. 

The  author,  Joseph  Carr,  had  a 
prolific  life  of  writing  and  researching 
a lot  of  topics  related  to  electronics. 

Another  good  book,  maybe  a bit 
more  theoretical  is: 

M ed  ica  tins  tru  m e n ta  tion 
John  G.  Webster 
Houghton  Mifflin  Company 

These  books  should  be  available 
in  the  local  library  or  that  of  a nearby 
community  college  or  university. 

Albert  Lozano 
Edwardsvillo,  PA 

[#2051  -February  2005] 

I'm  trying  to  find  service 
information  or  help  for  a BSR 
MCD8090  AM/FM  Stereo  Receiver. 
This  unit  was  called  a 'Thunder 
Thrower"  and  was  purchased  from 
DAK  Industries.  The  FM  section  is 
not  working. 

Mike  Uschak 

Loyalhanna,  PA 

Most  stereo  receivers  are  laid  out 
in  a very  logical  manner.  You  can 
usually  trace  the  signal  path  from 
input  to  output. 

Start  at  the  FM  antenna  terminals 
and  trace  the  wiring  back  through  the 
front-end  (probably  a sealed  module 
on  this  receiver)  and  through  the  IF 
stages.  The  IF  stages  may  only  be  a 
single  chip,  A little  careful  probing 
along  the  signal  path  with  an 
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oscilloscope  will  point  you  to  where 
the  signal  dies*  You  won't  see 
anything  at  the  antenna  terminalsf 
but  you  should  get  a signal  large 
enough  to  see  on  the  scope  conning 
out  of  the  front  end. 

There's  an  address  for  BSR  listed 
on  forums.dlcafe.com  which  is 
BSR,  Suite  200,  18369  Eddy  Street, 
Northridge,  CA  91325;  (213) 

689-9188* 

You  can  try  calling  them  or 
writing  to  them*  1 would  imagine  that 
the  area  code  is  probably  something 
other  than  213  now  (818  maybe?) 

DAK  does  sell  "closeouts,"  so 
BSR  may  be  out  of  business. 

Don  Pairish-Bell 
San  Diego,  CA 

[#2053  -February  2005] 

Tm  working  on  an  old 
Epiphone  Electar  Zephyr  guitar 
amp.  It  looks  like  it's  from  the  30s 
or  40s. 

/ got  the  amp  working,  but  I 
can  not  get  the  vibrato  to  work.  The 
oscillator  is  very  weak. 

I cannot  find  a schematic  for  it. 
Does  anyone  have  one  or  know 
how  it  is  wired?  The  output  of  the 
oscillator  goes  to  the  grids  of  the 
two  6V6s. 

Jon  Garee 
Newark,  OH 

#1  As  far  as  1 can  tell  by  searching 
the  Internet,  the  Electar  Zephyr  amp 
did  not  have  a stock  vibrato  circuit, 
but  had  space  in  the  back  and  was 
apparently  a common  modification, 
since  this  is  not  the  first  time  l saw 
mention  of  it.  Now,  when  you  say  that 
the  oscillator  is  very  weak,  do  you 
mean  that  it  does  not  oscillate  at  a 
proper  speed,  or  that  the  effect 
simply  does  not  work  well? 

In  the  first  case,  there  are  a couple 
of  possible  solutions.  If  it  was,  in  fact, 
an  after-market  component,  it  is 
possible  that  it  never  worked  well  in 
the  first  place*  In  this  case,  1 would 
advise  replacing  the  oscillator  section 
with  a modern,  solidstate  oscillator. 
This  shouldn't  affect  the  sound  of  the 
vibrato  at  all. 
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The  second  likely  problem  is  a bad 
capacitor  in  the  oscillator  section  that 
is  supposed  to  control  timing.  If  it  is 
the  second  case,  that  the  whole  effect 
isn't  working,  I'm  not  sure  I know 
what  to  tell  you.  There's  a possibility 
that  there  is  a bias  problem,  if  the 
oscillator  feeds  directly  to  the  tubes 
on  the  amp.  1 think  I should  point  you 
in  the  direction  of  Ampage,  an 


excellent  online  forum  when  it  comes 
to  tube  amps*  It  is  located  here 

www,  firebottle.com/fireforum/ 
f ireBB,  cqi  ? cfg=ga£enter=go 

Hal  Emmer 
Setauket,  NY 

#2  Weak  or  no  vibrato  (actually  it 
is  a tremolo)  in  tube  guitar  amps  is 
common.  You  don’t  say  what  tubes 
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sal  es@  Ho  b by  Engi  nee  ri  ng  .com 
1 30  El  Garni  no  Real 
Millbrae,  CA  94030 
Visit  our  store  near  SFO! 


Most  orders  ship  the  day  received!  World-wide  shipping.  Convenient  payment  options. 
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Niffs  & Volts 


Tech  Forum 


are  used  in  the  vibrato  circuit.  The  Tube  Amp  Book  by 
Aspen  Pittman  (published  by  Groove  Tubes  LLC,  2002)  is 
a good  source  of  schematics  for  tube  amps,  but  it  has  only 
three  Epi phone  schematics,  none  of  them  use  6V6  output 
tubes.  There  are  450  amp  schematics  in  the  book,  you 
probably  could  find  one  with  a vibrato  circuit  which  is 
similar  to  the  Epiphone,  The  book  can  be  purchased  from 
several  electronic  music  sources,  including  Antique 
Electronics  Supply  (www, tubesandmore.com).  They 
also  have  several  other  books  on  tube  guitar  amps;  A 
Desktop  Reverence  of  Hip  Vintage  Guitar  Amps  by 
Gerald  Weber  also  contains  schematics. 

Bill  Stiles 
Hillsboro,  MO 

[#2054  -February  2005] 

/ need  to  purchase  a good , reliable , and  low-cost 
schematic  capture/board  layout  program. 
Suggestions? 

Aldo  Powell 
Via  Internet 


functionality  and  mode  of  operation,  A plus  is  that  the 
website  contains  a tutorial  on  the  use  of  the  software. 
Moreover,  the  book  Build  Your  Own  Printed  Circuit 
Board  by  Al  Williams  (McGraw  Hill;  ISBN:  007142783X) 
contains  a very  detailed  step-by-step  procedure  for  this 
software. 

The  software,  tutorial  and  manual  can  be  downloaded 

at  www, cad  soft.de/cgi-bin/downloacLpl?  page=/ 

home/  cadsoft/htmlpublic/  download.  htrmen&dir= 
pub/  program/  4. 1 

The  complete  version  can  also  be  purchased  from  the 
previous  websites  at  what  I consider  to  be  a very 
reasonable  and  competitive  price, 

Albert  Lozano 
Edwardsville,  PA 

#2  How  does  free  sound? 

Go  to  ExpressPCB  or  PC B 123's  site  and  download 
their  software, 

Don  Parrish-Bell 
San  Diego,  CA 


# I I have  used  Eagle™  by  CadSoft  very  successfully 
(www.cadsoft.de/).  The  demo  version  is  free  and  fully 
functional,  although  it’s  restricted  to  two  layers  and 
Eurocard  size.  This  can  give  the  user  a good  feel  about  its 


d ZigBee  Modules 

XB 


XB 


I Aetna  I Size; 


ee  r r o 

(Actual  Size) 


Interchangeable 
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Circle  #42  on  tho  Reader  Service  Card. 


[#2052  -February  2005] 

/ recently  purchased  a 48  VDC  to  12  VDC  switching 
power  supply  from  a surplus  place.  What  are  the 
general  rules  of  thumb  for  getting  this  thing  to  work? 

/ know  switchers  need  a load,  but  on  which  output? 
It  has  +3  Vf  +5  Vf  -12  V}  and  +12  V outputs.  / am  only 
interested  in  the  +12  @10  A output.  This  supply  has  a 
couple  of  sensing  circuits;  what  do  they  usually  tie  to? 

Bob  Sheetz 
Ocala,  FL 

The  input  power  required  will  be  that  used  by  the 
load(s)  connected  to  the  output  line(s)  plus  losses  (heat) 
within  the  power  supply.  Make  sure  your  power  source  (48 
volts  DC  in  your  case)  is  suitable  (can  deliver  required 
power). 

Not  all  switching  power  supplies  require  a minimum 
load,  although  some  do.  If  the  power  supply  seems 
unstable  or  output  is  not  in  specification,  add  a fixed 
resistor  (or  suitable  light  bulb)  to  each  output.  Gse  Ohm's 
Law  V=IR  to  figure,  say,  200  mA  load  on  each  output. 
Increase  current  only  if  needed  and  do  decrease  if  possible. 

The  sensing  circuits  must  tie  to  their  respective  output 
voltage  lines.  They  are  used  for  what  is  called  "remote 
voltage  sensing,"  For  many  applications  where  the  load  is 
physically  close  to  the  power  supply,  the  + and  - sense  lines 
are  tied  right  back  to  the  power  supply  terminal's  + and  - 
output  lines  of  their  respective  voltage.  If  the  voltage  drop 
between  the  power  supply  and  load  is  noticeable  and 
causes  a problem  (possible  with  10  amps  at  12  volts),  the 
sensing  lines  are  connected  at  the  load  (not  power  supply 
terminals)  + and  - and  the  voltage  drop  across  the  load 
lines  will  be  compensated,  i,e,,  reduced  to  zero, 

Erik  von  Seggern 

APRIL  2005 
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CircuitSpecialists.com 


CircuitSpecialists.com 


CircuitSpecialists.com 


^Digital  Storage  Oscilloscope  ModuleN  Digital  Anemometer 


PC  based  Digital  Storage 
Oscilloscope,  2G0MH2  5GS/s 
equiv.  sampling  USB  inter  the 


Details  Jk  Software 
Download  at  Web  Site 

> lest  Equipment 


Convert  any  PC 
with  USB  interface 
to  a high  perform- 
ance Digital  Storage 
Oscilloscope*  This 
is  a sophisticated 
PC  based  scope 
adaptor  providing 
performance  com- 
patible to  mid/high 
level  stand  alone 
products  costing 
much  more!  Conies 
with  two  probes. 


> Osci I loscopes/O utst ending  Prices 

Item#  200 USO  Qnly$859.00 


Item#  CSIMS625U 


Only 

$89.00! 


A portable  Digital 
Anemometer  that 
will  measure  wind 
speed.  Simply  hold 
it  in  your  hand  or 
attach  it  to  some- 
thing stationary 
with  the  attached 
Hang  Ring  or  Tripod  Connector. 
The  large  LCD  display  and  back- 
light make  for  easy  readings. 

Details  at  Web  Site 

> Test  Equipment 
V Specialty  Test  Equipment 


Circuit  Specialists  Soldering  Station 
wr/Ce  ramie  Element  & Sep  crate 
Solder  Stand 

•Ceramic  heating  element  for  more  accurate 
temp  control 

•Temp  control  knob  in  F(392°  to  896°)  & 

C(200°  to  489°) 

•3-prong  grounded  power  cord  static  safe  tip 
•Sqperate  neayy  duty  iron  stand 
•Replaceable  iron/easy  disconnect 
•Extra  tips  etc.  shown  at  web  site  STATION  I 


Rapid  Heat  Up? 


Also  Available  w/ Digital  Display 
& Micro  Processor  Controller 
Item# 

CSI-STATION2 


Details  at  Web  Site 


SMD  Hot  Tweezer 
Adaptor  Fits  CSI 
Stations  l & 2 
also  CSI906 


S29.00 


Item# 
CSITWZ-STATI  ON 


f Digital  Sound  Level  Meter 

A Digital  Sound  Meter 
with  RS-232  port  ideal- 
ly suited  for  testing 
sound  levels  to  OS)IArs  require- 
ments, detect  noise,  music  levels  or 
sound  engineering 
applications.  " Item# 

Details  at  Web  Site  CSlMS6701i 

Equipment  --  Specialty  Test  Equipment v 

/^Triple  Output  Bench  Power  Supply\ 

with  Large  LCD  Displays 
Output:  0-3QVDC  x 2 @ 3 AMPS 
& lea.  fixed  output  @ 5VDC@3A 
Source  Effect;  5xl  O^-2mV 
Load  Effect:  5xlO-4-2mV 
Ripple  Coefficient::  <250uV 
Stepped  Current;  30niA-t/-  1mA 

CSI3003  X3/SI7  9.00  lnput  Vol,aEe;  1 1 0VAC 
(qty  5+/S 1 69 *0 0)  Details  at  Web  Site 

C > Test  Equipment  > Power  Supplies  J 


Item#  CSIS25A++ 

Microprocessor 
Controlled  ! 

Includes  4 Nozzles! 


mm 


3Ga; 


****** n 


FANTASTIC 

VALUE!! 


Only 

$199.00! 


SMD  RE-WORK  SYSTEM 
w /Vacuum  Pick-up  tool 

Details  at  Web  Site 

> Soldering  Equipment  & Supplies  > Rework  Stations^ 

^Humidity/Temperature  Meter  w/RS-23?V 


> Soldering  Equipment  & Supplies  > Soldering  bullions 


•32K  samplesChannel  memory 
•Includes  software  and  a CD  ROM 
*20Ms^S  Sampling  rate/Channel 
•Scroll  mode  has  sweep  times  to  1 Hr/Sec 
•Voltage  and  Time  Cursors 
•Voltage  Range;  50m V to  5V,  7 Steps 
Time  Range:  50ns/div  to  0.5 s/di vj  -2-5  22steps 
Technical  Details  at  Web  Site  > Tret  Equipment 


PC  Based  Scope  Card  item#  model  220 


S*t  Details  00  Web  Site 


A $189.00  Value! 


Only 

$109.00! 


Item#  CSI  VIS 6503 


Only 

$149.00! 


> Ose I lloscopre/Outst and  lug  Prices 


2 Ch  Dual  Trace 
to  Internal  Grid 
ALIM  AG 
ALII RIG 
TV  Sync 
5 Vertical 
Modes 


Super 
Blowout 
Price / 


Protek  100MHz  Realtime  Scope 

Brand  New 
Not  Refurbished! 

Includes  2 scope  probes 

A $975.00  Value! 

lUUMHz  only  $499.00 

While  Supplies  Last! 


Item#  65 10 

Details  at  Web  Site 


; lest  Equipment  > O sc II loseopes/O u ts  t a nd  1 n g Prices  _ 


jT  A Complete  Electronics  Lab 

You  supply  the  PC  to  complete  a powerful  test  system 
which  includes  a two  channel  Digital  Storage 
Oscilloscope,  a 16  channel  Logic  Analyzer,  an  Arbi  tray 
Waveform  Generator,  two  Programmable  Power 
Supplies  and  two  Programmable  Clock  Generators. 

.V  *>>■ 

l Details  at  Web  Site  Item#  ELAB-080 

> Test  Equipment  Osci  I loscttpes/Outs  landing  Prlees 


S495JI0 


A portable  high  quality 
Humidity  Temperature 
Meter  w ith  a large  LCD  display  and 
backlight  that  makes  it  very  easy  to 
read.  The  RS-232  port  and  included 
software  allow  you  to  keep  the  unit 
lu>oked  up  to  your  computer  for  ex  tend- 
ed measurement  taking  and  for  storage, 
analysis  and  printing  of  data. 

L Details  at  Web  Site 

lest  Equipment  > Specialty  Test  Equipment 

/Digital/Analog  High  Voltage  Insulation  TcsterN, 

A measuring  instrument  which  can  be  used  in 
the  testing  of  high  voltage  insulation  for  the 
maintenance  and  service  of  industry  equipment, 
such  as  cables,  transformers,  generators,  switch- 
es, etc..  The  meter  has  an  auto  range  from  0 to 
l00,000Mobm  indicated  by  a dual  seale  point 
needle  which  will  auto-change  the  high  or  low 
range  according  to  the  value  of  the  resistance. 

Details  at  Web  Site  Only  $1 79.00 

Test  Equipment  Specialty  Test  Equipment 

f Dual  Output  DC  Bench  Power  Supplies 

High  stability  digital  read-out  bench  power  supplies 
featuring  constant  voltage  and  current  outputs.  Short- 
circuit  and  current  limiting  protection  is  provided. 

SMT  PC  boards  and  a built-in  cooling  fan  help  ensure 
reliable  performance  and  long  life. 

•Source  Effect:  5x1 2m V ^ 

•Load  Effect:  5x  1 04=2m  V ( HGI 

•Ripple  Coefficient: ; <250uV  \^IT EM 7. 

•Stepped  Current:  30mA  +/-  1 mA 
*Both  Models  have  a IA/SVDC  Plied  Output  on  the  rear  panel* 

CSI3003X-5:  0-30v/0-3amp/l-4..$97*00/5'  ..$93*00 
CSI5003X-5:  0-50v/0-3amp/I-4..$l 07*00/54.51 03.00 

l Details  at  Web  Site  > Test  Equipment  > Power  Supplies 


Circle  #35  on  the  Reader  Service  Card. 


Circuit  Specialists , Inc.  220  S.  Country  Club  Dr.,  Mesa,  AZ  85210 
er  Service  Card.  800-528-1417  I 480-464-2485  I FAX:  480-464-5824 


CircuitSpecialists.com 


CircuitSpecialists.com 


CircuitSpecialists.com 


3M™  DataCom  Cable  Tester 

UNBEATABLE  PRICE 


Onlv 

S49.00 


This  unit  allows  for  mapping  testing  and 
troubleshooting  of  various  lines,  includ- 
ing installed  data  communications,  phone 
wiring  and  coaxial  cable 
runs. Performs  multiple  test 
on  the  following  cable 
types,  up  to  1000  feet  in 
length:  Unshielded  telephone  cables  with 
RJ-1  1 and  RJ-45  connectors:  Ethernet  10 
(100)  Base-T;  Token  Ring:  EIA/TIA-568 
A/B;  AT&T  258a:  USOC;  50  or  75  ohm 
Item#  DT-29UU  Coax  with  For  BNC  connectors. 


Details  at  Web  Site  inc i c*e,  ? & T&cm Aiigator  opi 

C > I'tShl  Equipment  > Specially  Tt*  l Equipment 


limited  l Ittte  Offer 


Rl  Field  Strength  Analyzer 

C&mpare  at  Over  $2000! 

The  3201  is  a high  quality  hand-held  RF 
Field  Strength  Analyzer  with  wide  band 
reeeptinn  ranging  from  1 00k Hz  to 
206OMHz.The  3201  is  a compact  & 
lightweight  portable  analyzer  & is  a mast 
for  RF  Technicians.  Ideal  lbr  testing, 
installing  & maintenance  of  Mobile 
Telephone  Comm  systems.  Cellular 
Phones, Cordless  phones,  paging  sy  stems, 
cable  &Sa[elliteTV  as  well  as  antenna 
installations.May  also  be  used  to  locate 
hidden  cameras  using  RF  transmissions 
| UwJfayd  Thw»  Offer 


New  Fantastic 
Low  Price; 
SI  299.00! 


►WFM/NFM/AM/SSB  modulated  signals  may 
be  measured. 

■Signal  Levels  up  to  I hOChannels  can  be 
displayed  simulaneously  on  the  LCD 
■PLL  tuning  system  for  precise  frequency 
measurement  and  tuning 
’Built-in  Frequency  Counter 
’LED  Backlight  LCD  (192x192  dots) 

■All  fuctions  arc  menu  selected. 

’RS232C  with  software  for  PC  & printer 

mtcriaa:  (Includes  Antenna) 

■Built-in  speaker 


Item#  3201 

Details  at  Web  Site  > Test  Equipment  RF  Test  Equipment 


Only 

5279.00 


f 53,000  Count  High  Accuracy  Bench  Model  DMM 

This  bench  DMM  has  high  accuracy  and  high  stability.  It  contains  a 24  bit  A/D  converter  and  being  con- 
trolled by  a single-chip  computer,  it  can  operate  for  several  ten  measurement  functions.  It's  five  digits 
can  count  up  to  53000.  Not  only  DC,  AC  RMS,  but  DC  and  AC  mixture  signals.  RMS  can  be  measured 
tor  1000V  or  10A.  It  has  a memory  function  up  to  30  full  screens  for  saving  test  data.  JtClll#  CSl  MS  8 050 

Details  at  Web  Site  :■  lest  Equipment  Digital  Multimeters 


f 50,000  Cuiint  High  Accuracy  DMM 

The  50,000  count  resolution  provides  some  of  the  most 
accurate  readings  available  in  a handheld  meter.  Readings 
are  easily  seen  on  the  large  LCD  display  with  backlight,  but 
also  ineluded  is  an  analog  bar  graph  to  provide  a graph  ie  of 
the  eritical  information  being  displayed.  T rue  RMS  readings 
also  enhance  the  aecuraey  of  this  meter.  An  RS-232  port 
and  software  give  you  the  ability  to  download  all  your  data 
to  a computer  for  storage  and  analysis. 


Item#  CSIMS8218 


Only 

$189.00 


Details  at  Web  Site  > Tret  Equipment  > Digital  Multimeters 


Logic  Port  Logic  Analyzer 

The  Logie  Port  provides  34  sampled  channels 
including  two  state-mode  clock  inputs.  It  con 
nects  to  your  PC’s  USB  port  for  ultimate  con- 
venience and  performance. 

*34  Channels 

‘500MHz  Timing  mode  sample  rate 
•200MHz  State  mode  sample  rate 
•Real-time  Sample  Compression 
* M u It  i “-le  vel  tri  gger 
•+6V  to  -6V  Adjustable  Threshold 
S.  Details  at  Web  Site 


$369.00! 


~\ 


Item#  LOGIC  PORT 
> test  Equipment  Logic  Analyzers  j 


SONY  Super  HAD  CCB'™ 

equipped  camera's  feature  dramatically 
improved  light  sensitivity 


r SONY  Super  HAL)  CCD  Color 
Weatherproof  IR  Cameras 

•Day  & Night  Auto  Switch 
•Signal  System:  NTSC 

•Image  Sensor:  1/3"  SONY  Super  HAD  CCD 

* Effect  ive  Pixels:  510  x 492 
•Horizontal  Resolution:  480TV  lines 
•Built-in  Lens:  6 mm/ FI.  5 
•S/N  Ratio;  > 48dB 

•Min.  Illumination:  OLux  Item#  VC-827D 

1-4:5149.00  5+:S139.00 


Details  at  Web  Site 

Nt.  *-L  M I n I a tu  re  C a met  a vjHmi  i d ,Bu  I let  ,M  infs,  B/W,  Ctihii  j 

/"  SONY  Super  HAD  CCD  B/W  "X 
Weatherproof  IR  Camera  ■ 

•Day  & Night  Auto  Switch 
•Signal  System;  El  A 
•Image  Sensor;  1/3"  SONY 
Super  HAD  CCD 
•Effective  Pixels:  5 10  x 492 
•Horizontal  Resolution: 

420TV  lines 

•Built-in  Lens:  6 mm/FI. 5 
•S/N  Ratio:  > 48dB 
•Min.  Illumination:  OLux 

1-4:S69.00  5+:$65,00 


* 


f SONY  Super  HAD  CCD  Color 
Weatherproof  IR  Camera 

•Day  & Night  Auto  Sw  itch 
•Signal  System:  NTSC 

•Image  Sensor  1/4"  SONY  Super  HAD  CCD 

•Effective  Pixels:  510  x 492 

•Horizontal  Resolution:  420TV  lines  «, 

•Built-in  Lens:  4.3mm  /* 

•S/N  Ratio;  > 48dB  (AGC  OFF)  £ 

•Min.  Illumination:  OLux 

1-4:589.00  5+:S79.00 

Details  at  Web  Site 

> Miniature  CameraqBftard,BullcLlMlnr$,  B/W,  Color) 


Item#  VC-81 9D 


Item#  VC-31 7D 


Details  at  Web  Site 

> Miniature  Cameras(Board,Bulllt,Mlnfs) 


/SONY  Super  HAD  CCD  Color  CameraN 
Item#  VC-895  1-4:S69.0U  S+:S65.00 

• Weather  Proof 
•Signal  System:  NTSC 
•Image  Sensor  1/4"  SONY 
Super  HAD  CCD 
•Effective  Pixels:  510  x 492 
•Horizontal  Resol ution:  420TV  lines 
•Lens:  3.6mm 
•S/N  Ratio:  >48dB 
•Min.  Illumination:  lLux/F1.2 

Details  at  Web  Site 

> Miniature  Camerav(Board,Bulllt,Mlnl*s1 


SONY  Super  HAD 
CCD  Mini  B/W  Board 
Camera 

T 

Item#  VC- 103 

•Signal  System:  E1A 
•Image  Sensor:  1/3M  SONY  SupeP 
HAD  CCD 

•Effective  Pixels:  510x492 
■Horizontal  Resolution:  42 O' IV  Lines 
■Lens:  3.6mm/923  Angle  of  View 
■Min.  Illumination:  05LilxF  1 2 

1-4:533.90  5+:$29.00 

Details  at  Web  Site 

> Miniature  Cameras 


O' 

Vu 


2) 
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Visit  our  website  for  a complete  listing  of  our  offers.  We  have  over  8,000  electronic  items  on  line@  www.CircuitSpecialisls.CDin.  PC  based  data  acquisition, 
industrial  computers,  loads  of  test  equipment,  optics,  J.CX  transistors,  diodes,  resistors,  potentiometers,  motion  control  products,  capacitors, miniature  observation 
cameras,  panel  meters,  chemicals  for  electronics,  do  it  yourself  printed  circuit  supplies  for  PCB  fabrication,  educational  D.l.Y.  kits,  cooling  fans,  heat  shrink,  cable 
les  & other  wire  handlein^  items,  hand  tools  for  electronics,  breadboards,  trainers,  programmers  & much  much  morel  Some  Deals  you  mm  V believe f 


Circuit  Specialists , Inc.  220  S.  Country  Club  Dr.,  Mesa,  AZ  85210 

800-528-1417  /480-464-2485  / FAX:  480-464-5824  circle *»  ..  the  Reader  Service  Card. 


BASIC  Stamp8 
Logic  Analyzer 


Protocol  decoder,  bug  hunter, 
and  measurement  tool. 


Order  online  at  parallax.com  or 
call  our  Sales  Department 
toll-free  at  888-512-1024 

PT). 


Parallax  and  USBee  (www.usbee.com)  combined  our 
skills  to  develop  the  new  BASIC  Stamp  Logic  Analyzer 
(BSLA).  This  low-cost  tool  fits  between  all  24-pin 
BASIC  Stamp  and  Javelin  Stamp  modules  and  their 
programming  socket,  connecting  directly  to  your  PC's 
USB  2.0  port. 


Order  the 
BSLA  #30010 

for  only  $99 


BSLA  Hardware  Features; 

• 2 Ms/$  sample  rates,  fast  enough 
for  all  Parallax  24-pin  modules 

• 20  channels  (16  for  1/0$  and 
4 for  Vdd,  Res,  Sout,  Sin) 

• Thresholds  set  at  1.4V  and  0,8V, 
supporting  TTL  and  CMOS 

• Free  software: 


n Compatible  with  Win2K,  WinXP  operating  systems 
n Multiple  triggering  options  on  all  channels 
n l2CF  asynchronous  serial,  SPI  bus  decoder 

n Minimum  sample  depth  of  1 million  samples  up  to  available  PC  RAM 
n Sample  clock  generated  internally 
u Zoom  in,  zoom  out  and  zoom  all 
U Save,  Open  and  Print  captured  data  and  settings 
tt  Movable  cursors  for  easy  measurements 


BASIC  Stamp,  and  Beard  of  Education  are  registered  trademarks  of  Parallax,  Inc.  The  Para  lax  logo  are  trademarks  of  Parallax,  l-na 


Circle  #l£4  on  the  Reader  Service  C*ird. 


